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Terminology of Insecticides, Fungicides and Other 
Economic Poisons 


Auvin J. Cox, Bureau of Chemistry, State of California Department of Agriculture, Sacramento 


There is familiar experience back of 
the terminology or nomenclature of com- 
mon insecticides and other agricultural 
chemicals, but in the past few years 
many complexities have arisen. The situ- 
ation may become serious when legal 
problems are involved. Not infrequently 
problems have been settled through con- 
ference between government officials and 
manufacturers so that correct terminol- 
ogy becomes familiar to the latter. Un- 
fortunately the benefit derived from 
these conferences does not always come 
to the attention of others whom it may 
concern. It has happened that some time 
after a term has been clarified by resort- 
ing to legal regulation, a scientific trea- 
tise has appeared continuing the old 
misleading or ambiguous term. Few 
realize how solidly a term misused by an 
accredited technical investigator may be- 
come entrenched, and how difficult such 
an error is to correct. 

Most entomologists and plant pathol- 
ogists carefully report the exact species 
involved in their investigations and sim- 
ilar specificity is needed in mentioning a 
product or a chemical used in their ex- 
periments. Much of the value of some in- 
vestigations has been lost due to am- 
biguity in terminology of insecticides, 
fungicides and other economic poisons 
(pest control materials). Use of incom- 
plete, ambiguous or confusing terms 
should always be avoided. Some progress 
in this direction has been made. There 
have been great improvements in correct 
usage of such technical terms, and the 
writer has been encouraged to record il- 
lustrations that may be helpful. Diffi- 
culties in usage due to carelessness are 
correctible, but some are due to inade- 


quacy of language. In such cases one can 
only recognize that ambiguity exists. 


DEFINITION OF Common TERMS.— 
Such words as extender, diluent, and 


filler are generally understood and used 


without confusion, and call attention to 
the role of an inert ingredient as a space 
filler in dusts. Although the term carrier 
generally signifies an inert ingredient, it 
implies the possibility of a more positive 
function, for example, the acidic or basic 
nature of certain carriers has a marked 
effect on the value of some active in- 
gredients, and to that extent the sub- 
stances deviate from the commonly ac- 
cepted concept of an inert ingredient. As 
knowledge of the specific relations and 
functions of all the components of a dust 
increases, more terms may be required, 
ach to be used with a precise meaning. 
Some terms are occasionally used in ad- 
vertising literature in an ambiguous man- 
ner and unless accurately defined are 
without specific significance, for example: 
“Superfine,” “Colloidal,” ‘‘Penetrant,” 
“Buffer,” “Deposit builder,” ““Improver,” 
“Dissociant,’’ Wax solvent,”’ ““Disperser,” 
“Safener,” “Conditioner,” and “Lubri- 
cant.”” They are mostly used only as a 
vague connotation of a desirable charac- 
teristic and have no proper place in 
scientific literature unless adequately de- 
fined. This has been done in the case of 
certain of these terms. For example, in 
1938 with respect to sulphur the writer 
proposed that to be called ““Dusting,” 95 
per cent of the sulphur should pass a 200- 
mesh screen; “Fine,” 90 per cent should 
pass a 325-mesh screen; and “Superfine,” 
98 per cent should pass a 325-mesh screen. 
A product to be described as “Colloidal” 
should have the properties understood by 
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the physical chemist as being character- 
istic of colloids. The federal government 
has taken action against products laneled 
as being colloidal that actually consisted 
mainly of particles visible with the micro- 
scope and not sufficiently fine to be desig- 
nated by this term. It is inappropriate 
to refer to a finely divided substance as 
colloidal unless the major part by weight 
is comprised of particles with adiameter 
not greater than 10-° centimeter (0.1 
micron). The term “Penetrant” is some- 
times used to describe a substance that 
facilitates movement of an emulsion or 
other liquid into crevices or pores such as 
in soil or bark, to secure deeper penetra- 
tion. A “Buffer” is a substance which 
when dissolved in water produces a solu- 
tion which resists a change of hydrogen 
ion concentration when the solution is 
subjected to gain or loss of acid or alkali. 

The term adjuvant or accessory sub- 
stance signifies any material added to a 
primary pest control chemical or product 
when a function is not being particularly 
emphasized for it. In some cases a func- 
tion cannot be defined in closer terms for 
lack of sufficient information. In general, 
no chemical action is involved between 
an adjuvant and any other component of 
a mixture, but the importance of an 
adjuvant is reflected in the efficacy of the 
products of which it is a part. Several 
terms are used to emphasize special func- 
tions of adjuvants, for example: intensi- 
fiers, activators, emulsifiers, deflocculators, 
detergents, wetters, spreaders, and stickers 
or adhesives. An intensifier is a substance 
a small quantity of which added to a ma- 
terial of low efficacy affords a pest con- 
trol product effective for the economic 
poisons purpose intended. An example 
would be Pyrethrum Extract 20 when 
added to petroleum oil to produce fly 
spray. Such a substance is sometimes 
called a fortifier. An activator is a sub- 
stance which may have little or no effec- 
tiveness of its own in pest control, but 
which increases the effectiveness of some 
other component of a pest control prod- 
uct. Synergism is a special case in which 
the substances involved are active in- 
gredients, mixing of which produces a 
more than additive potency. The opposite 
effect is antagonism. An emulsifying agent 
is a substance which aids in the production 
or maintenance of a dispersion of one 
liquid within another. A deflocculating 
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agent is a substance which aids in the pro- 
duction or maintenance of a dispersion of 
a solid within a liquid. A detergent is a sub- 
stance used in aqueous medium to facili- 
tate removal of foreign matter from solid 
material as, for example, in removal of 
spray residue. A wetting agent is a sub- 
stance which increases the tendency of 
a liquid to make complete contact with 
the surface of a solid, so that no dry area 
may remain. A spreader is a substance 
which increases the area that a given vol- 
ume of liquid will cover on a solid, or on 
another liquid. A sticker or adhesive is a 
substance which increases the firmness of 
attachment of finely divided solid mate- 
rial to a solid surface. Elaborations of 
these definitions are outside the scope of 
this paper, but some are described exten- 
sively in a series of articles having the 
general title, ““Factors Concerned in the 
Deposit of Sprays,” for the first number of 
which see Hensill, G. S. and Hoskins, 
W. M., Journa or Economic ENTOMOL- 
oay (1935) 28, No. 6, page 942. The effects 
of adjuvants differ under different circum- 
stances, and sometimes one may have 
properties that qualify it under several of 
the definitions. In some cases a material 
mixed with one adjuvant makes an effi- 
cient product, but when mixed with a 
different adjuvant in the same proportion, 
results in a product of little or no value 
as an economic poison. 

Emulsifiers may vary as to their com- 
patibility with different products. For 
example, petroleum spray oil containing 
a given emulsifing agent may afford good 
results when used with water from one 
source and give poor results or be hazard- 
ous when used with another. Results may 
differ depending upon whether or not a 
constituent is adsorbed or absorbed, as 
the oxidation, volatility and rate of avail- 
ability of a toxic substance may vary 
whether it is primarily on the surface 
(adsorbed) or located throughout each 
particle of a carrier (absorbed). This is 
another feature of the nature of insecti- 
cide dusts that is receiving increasing at- 
tention. When the effectiveness of an 
economic poisons spray or dust depends 
largely upon the adjuvant, the adjuvant 
is regarded as an economic poisons prod- 
uct and requires compliance with the 
Economic Poisons Article of the Agricul- 
tural Code of California. No attempt has 
been made to include in this paper a com- 
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pilation, much less definitions, of all terms 
used in economic poisons work. 
Ampicuous Trerms.—There are many 
cases where ambiguity is not the fault of 
anyone in particular. Frequently it is 
necessary to make decisions on insecticide 
terminology before adequate information 
is available on the chemical constitution 
of a material. A case in point is the prod- 
uct formerly known as commercial cal- 
cium arsenate. It is manufactured with a 
standard composition to guarantee tri- 
calcium arsenate 70 per cent. It may not 
be labeled “Calcium arsenate” which 
would indicate a relatively pure com- 
pound, but an acceptable name is ‘‘Cal- 
cium arsenate and other calcium com- 
pounds.” It has long been guaranteed in 
terms of tri-calcium arsenate, but evi- 
dence now indicates that it may include 
one or a mixture of the several basic cal- 
cium arsenates. In that event, publication 
of tri-calcium arsenate percentages might 
be misleading by implication that one 
containing 71 per cent was slightly better 
than one containing 69 per cent, whereas 
one containing 69 per cent of the most ac- 
tive ingredient the nature of which is as 
yet uncertain might be of greater value 
than another with a higher calculated 
percentage of tri-calcium arsenate. In time 
a more scientific terminology and state- 
ment of ingredients for this product may 
be possible. Incidentally, the same line of 
argument could be applied to calcium 
arsenite, which is highly toxic to plants 
and is used principally as an eradicant 
spray on dormant trees to disinfect plant 
twigs attacked or killed by some fungi. 
There have been a number of cases 
similar to that of calcium arsenate where 
we have had to accept group or collective 
names even though they did not accu- 
rately describe the material. To illustrate, 
dry sodium arsenate may designate a 
number of different chemical compounds 
as does the term sodium arsenite. Certain 
federal authorities accept the term sodium 
arsenite to mean sodium metarsenite 
(NaAsO.). In order to avoid ambiguity in 
California sodium arsenite solution is 
guaranteed in terms of arsenic trioxide. 
Zine sulphate, manganese sulphate, iron 
sulphate, and copper sulphate may exist 
in several hydrated forms. For example, 
copper sulphate may be of anhydrous, 
monohydrate or pentahydrate form. A 
yardstick for products of this kind is to 


Cox: TERMINOLOGY OF INSECTICIDES 815 


require metallic or other chemical equiva- 
lent to be stated on the label. 

NicKNAMES.— Nicknames are mislead- 
ing. Dry lime sulphur is too frequently 
referred to as “Dry lime.” Both barium 
fluosilicate and barium carbonate have 
been loosely referred to as “Barium.” In 
answer to a question if there was a spray 
residue tolerance for barium on vegeta- 
bles, a man replied, “Yes, it is two hun- 
dredths of a grain per pound,” which is 
the tolerance for fluorine. There is no 
tolerance established for barium. The ab- 
breviated term “Arsenate” or “Arsenite” 
is indefinite when used to refer to a speci- 
fic chemical, as it might refer interchange- 
ably to a sodium, zinc, calcium, man- 
ganese, or other compound. It is not 
proper to refer to calcium arsenate as 
“Calcium.” Similarly, it is inappropriate 
to refer to lead arsenate as “Lead,” or to 
carbon disulphide as “Carbon” for one 
might think of lamp black. The term 
“Zine” is confusingly used to designate 
zine oxide or zine sulphate. The term 
“Blood” is often used incorrectly to refer 
to blood albumin spreader, and calcium 
caseinate spreader ought not be shortened 
to “Casein” or referred to as merely 
““Spreader.”’ The term sulphur means ele- 
mental sulphur and should not be used 
when reference is had to combined sulphur. 
For example, when one has stated gypsum 
or ammonium sulphate he has included 
the combined sulphur of the sulphate radi- 
cal, and it is not permissible in addition 
to claim that the material “contains 
sulphur” as this would imply the presence 
of elemental sulphur. Aside from avoiding 
nicknames, great care is required in pro- 
nunciation and spelling to distinguish be- 
tween similar legitimate terms such as 
ammonium sulphate, a fertilizer; and am- 
monium sulfamate, a weed killer. A some- 
what similar but not identical liberty is 
discussed later with regard to use of nick- 
names for brand names. 

The names of synthetic organic com- 
pounds are sometimes long and compli- 
cated because they designate much detail 
of chemical structure. Audiences fre- 
quently smile when one mentions beta- 
butoxy-beta’-thiocyanodiethyl ether or 
dinitro-ortho-cyclohexyl phenol. Never- 
theless, there are many thousands of com- 
pounds which chemists must differentiate 
in similar manner. The term “Dinitro- 
phenols” has been indiscriminately used 
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in publications to refer to a number of dif- 
ferent insecticidal compounds now on the 
market, such as dicyclohexylamine salt of 
dinitro-ortho-cyclohexyl phenol and sodi- 
um dinitrocresolate. Actually dinitro- 
phenol designates a distinct, quite differ- 
ent chemical composition. When 2, 4- 
dinitrophenol was used as an obesity cure 
a few years ago severe injury resulted, and 
a separate law carefully worded not to 
apply to economic poisons was enacted 
restricting its medicinal usage. It is in- 
correct to use the term “‘Dinitrophenols” 
as a class name for compounds that con- 
tain any other group in addition to the 
two nitro groups. 

In many cases a relationship has been 
established between chemical structure 
and known properties. If a compound has 
a chemical structure containing certain 
known groupings of atoms, the substance 
may be predicted as likely to have the 
characteristics of an insecticide; another 
known grouping, a dyestuff; or still an- 
other, as possibly having other industrial 
application. The class of compounds de- 
rived from the dinitrophenols seems to 
have both chemical and physiological 
properties in common. Class terms are 
usually created to avoid awkward expres- 
sions and repetition, and a term such as 
derivatives of nitro phenols may meet the 
situation. 

Lethane is another term incorrect use 
of which has caused confusion, for no 
such product as “‘Lethane”’ is registered 
for sale in California. There are registered 
Lethane 384, Lethane 384 Special, and 
Lethane 60, all different products. One 
should take cognizance of even smaller 
differences in brand names. Unless a 
specific product is mentioned by its com- 
plete brand name or its common chemical 
name if possible, there is no certainty as 
to the material used. In lieu of a more ex- 
act expression the active ingredients in 
some of the mentioned “Lethane prod- 
ucts” have been referred to as Organic 
thiocyanates containing combined nitrogen 
xx per cent, when proper figures are in- 
cluded in lieu of “xx.” A more specific 
description is Beta-butory-beta'-thiocyan- 
odiethyl ether, or Beta-thiocyanoethyl esters 
of aliphatic fatty acids averaging 10 to 18 
carbon atoms, or a mixture of these. For 
these or similar products more exact terms 
may be possible, and the most nearly ac- 
curate name known should be used. 
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MiIsLeaDINnG Terms.—There are a num- 
ber of terms in insecticide terminology, 
the use of which should be discouraged as 
misleading. For example, use of the ob- 
solete name ““White arsenic” instead of 
the term arsenic trioxide and of “Cop- 
peras” instead of the term ferrous sul- 
phate has caused considerable confusion 
in the minds of consumers, and _ these 
terms now have been abandoned by most 
manufacturers. Years ago one manufac- 
turer insisted that a competitor “was sell- 
ing sodium fluoride as a rat and mouse 
repellent powder,” and was convinced 
that he was wrong only when shown 
“Sodium silico fluoride”’ on the label. The 
term sodium fluosilicate has replaced “‘So- 
dium silico fluoride,” to avoid confusion 
with sodium fluoride. Similarly sodium 


fluoaluminate is used in lieu of “Sodium 


aluminum fluoride.”’ Flour sulphur refers 
to ground lump sulphur, whereas flowers 
of sulphur is a sublimed product with par- 
ticles of a different type from those of 
ground sulphur. The term “Copper ox- 
ide”’ is indefinite and may refer to the 
cupric form which is black copper oxide 
not generally used as a fungicide. That 
used as an economic poison is cuprous 
oxide. 

Chemical names as they exist and are 
used today have been developed as 
knowledge has increased. Years ago acid 
lead arsenate was the only type of lead 
arsenate produced commercially, and was 
called merely “Lead arsenate.” Later 
basic lead arsenate, preferable for use on 
certain types of foliage, was produced. 
After several cases of mistaken identity 
and serious injury involving substantial 
financial losses where so-called “Lead 
arsenate” was sold in lieu of basic lead 
arsenate, we insisted that the name “Lead 
arsenate” be changed to read standard 
lead arsenate or acid lead arsenate. Since 
many manufacturers thought farmers 
would be prejudiced against using on 
their trees any product the name of which 
suggested acid, the term standard lead 
arsenate always has been preferred. The 
economic poisons industry has cooperated 
in every effort to lessen mistakes which 
might result in any injury. 

The word “Nicotine” was formerly 
loosely used, and there has been developed 
a differentiation between nicotine alkaloid 
and nicotine expressed as alkaloid. As a 
contact insecticide or as a stomach poison 
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a product may contain either free nicotine 
alkaloid or nicotine in chemical combina- 
tion. Some fumigant type agricultural in- 
secticidal dusts contain free nicotine alka- 
loid in an alkaline carrier, whereas most 
contain chemically combined nicotine, 
with a suitable carrier to free it. In the 
latter case it is customarily added to the 
“arrier as nicotine sulphate solution, which 
is largely sold in the form of proprietary 
solutions. This has been sometimes mis- 
takenly referred to as “Nicotine sul- 
phate,” which would erroneously indicate 
nicotine sulphate approximately 100 per 
cent. 

The minimum concentration at which a 
chemical product ceases to be eligible for 
unqualified labeling has been given much 
thought. For example, it is not proper to 
designate simply as “‘Formaldehyde” a 
solution containing formaldehyde 37 per 
cent, nor simply as “Sodium fluoride” or 
even “Sodium fluoride dust” a powdered 
preparation containing sodium fluoride 
with tale, but these may be called formal- 
dehyde solution, and sodium fluoride and 
tale, sodium fluoride and tale mixture, or 
sodium fluoride and tale dust, or by sim- 
ilarly acceptable qualified terms indicat- 
ing dilution, admixture, or physical condi- 
tion. It is the view of federal officials that 
a descriptive name should not be used for 
a product unless it is completely descrip- 
tive, and if a reasonably completely de- 
scriptive name is too long for use on a 
label or in advertising of an economic 
poison the practical thing is to employ a 
name which is not descriptive and follow 
the name with a statement of composition, 
such as “Contains sodium fluoride.”’ Cali- 
fornia law does not necessarily require 
that the name of an inert ingredient be 
divulged. If the ingredients are com- 
pletely divulged ona label, one should be 
more lenient in accepting a name than if 
the composition were not disclosed to the 
user. The words, dust or powder, indicate 
that an economic poison is in a form suit- 
able for insecticidal dusting or that it is 
finely divided. Authorities agree that 
when a second substance has been added, 
the name of the resulting product shall 
not imply that it consists of a single com- 
ponent. A proper labeling is illustrated by 
standard lead arsenate with adhesive. On the 
other hand, common impurities may be 
great enough to rule out a name involving 
purity. More than 5 per cent impurities 
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may prevent a product being acceptably 
~alled by a name implying purity. Wher- 
ever possible coordination of state policy 
in such matters with the federal govern- 
ment is achieved. -In ordinary usage the 
expression nicotine, derris, or pyrethrins 
dust is often used to designate any dust 
containing the stated material as the 
principal active ingredient or ingredients. 
A more nearly accurate use would be to 
speak of these as dust mixtures whenever 
a toxic substance is mixed with other in- 
gredients, and use of the word mizture to 
indicate the presence of another ingredient 
is an acceptable term in California, inas- 
much as in general the statement of in- 
gredients will indicate the extent of devia- 
tion from the pure named active ingredi- 
ent or ingredients. 

In 1940 the name bordeaux mixture or 
“Bordeaux” was being loosely used in 
California to designate sprays of zinc, 
manganese, and iron sulphates, together 
with hydrated lime, for use on citrus trees, 
to alleviate certain plant nutritional de- 
ficiency disorders. The sprays were often 
combined with varying amounts of cop- 
per sulphate and hydrated lime for its 
value as a fungicide, but they were used 
separately as well. After discussion it 
seemed clear that a specific significance 
should be attached to this important agri- 
cultural substance and that California 
should restrict use of the term to its orig- 
inal meaning. Accordingly it was agreed 
that the term bordeaux mixture or “‘bor- 
deaux”’ in any form, combination or spell- 
ing shall refer only to the reaction prod- 
ucts of copper sulphate and lime in any 
suitable form and water, and cannot be 
accepted where no copper is present, nor 
“an the term be extended to new varia- 
tions, such as to mixtures of zinc and iron 
salts. We ultimately ruled that the term 
must not be applied to an economic poi- 
son containing any zinc, manganese, or 
iron salt added to a copper sulphate 
pentahydrate (bluestone) and lime prepa- 
ration, that a term such as “bordeaux 
mixture with zine”’ is not acceptable, and 
that modified materials shall have modi- 
fied names stating what they are, for ex- 
ample, zine and copper sulphates mixture. 
Occasionally an author uses the second 
figure in a bordeaux mixture formula, such 
as 8-8-100, interchangeably to mean cal- 
cium oxide, CaO, or hydrated lime, 
Ca(OH).. The form of lime should be 
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stated along with the formula, or plant 
pathologists should reach an agreement as 
to what the formula should signify, in 
order that this important matter be not 
left in doubt. To afford the same chemical 
equivalent, one-third more by weight is 
required of calcium hydroxide than cal- 
cium oxide. In order to designate bor- 
deaux mixture standards the writer em- 
ploys present accepted usage of the more 
convenient unit such as 8-8-100 instead of 
the old 4-4-50, the 50 referring to the 50 
gallon capacity old-fashioned _ barrel 
spray rig. Usage of 100 gallons as the unit 
is meeting with increased favor as modern 
commercial spray rigs have tanks with a 
capacity of multiples of 100 gallons. Care- 
lessness with regard to the significance 
of the figures in bordeaux mixture formu- 
las may account for conflicting results. 
Many can remember the old confusion 
with regard to lime-sulphur solution, 
when in California it was necessary to re- 
sort to a legal definition of the product in 
order that use of the term might have 
some definiteness of meaning. The term 
lime sulphur solution is reserved for solu- 
tions containing calcium polysulphide not 
less than 29 per cent and having a density 
of not less than 31° nor more than 33° 
Baumé at 60° F. Specifications had to be 
set up defining creosote, sodium arsenite 
solution, and some other substances as 
well as grades of petroleum spray oils. It 
has been possible from time to time as 
methods of analysis have been developed 
to establish further standards. Before 
pyrethrins analyses were officially recog- 
nized, many applauded early adoption of 
a so-called standard pyrethrum extract 
20 to 1 product which gave the kerosene 
extractive of twenty pounds of pyrethrum 
flowers to one gallon of extract. This was 
a step in the right direction, but was stiil 
ambiguous inasmuch as the twenty 
pounds of flowers could vary greatly in 
pyrethrins content, and the efficiency of 
extraction could differ. The pyrethrins 
may vary from 0.6 per cent in Dalmation 
flowers to 1.3 per cent in those from 
Kenya. Our analyses have shown some 
so-called 20 to 1 extracts to contain but 
half the percentage of pyrethrins con- 
tained in other such products. The legal 
method for determination of pyrethrins I 
in pyrethrum powder is that designated 
as “Official” by the Association of Official 
Agricultural Chemists, and any guarantee 
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in California is checked by this method. 

Names or Boranicats.—The term 
extract of pyrethrum should not be shor- 
tened to “Pyrethrum.” “Extract” is in- 
definite until the pyrethrins are guaran- 
teed by percentage. The federal govern- 
ment accepts insect powder to mean 
powdered pyrethrum flowers, and the un- 
qualified term cannot be acceptably used 
to refer to any other material. An ap- 
propriate term might be pyrethrum insect 
powder since there are other just as truly 
insect powders, for example, sodium 


fluoride insect powder, and derris root in- 


sect powder. In referring to botanicals con- 
taining extractives of rotenone bearing 
roots accuracy requires use of the name 
of the particular root. Most rotenone con- 
taining products are derived from three 
different plant genera: Derris species 
grow in British Malaya, the Dutch East 
Indies, and the Philippines, and formerly 
constituted the most important source of 
rotenone. The common name, derris, al- 
ways refers to plants of the genus Derris. 
Lonchocarpus species are found in South 
America and now constitute the principal 
source of rotenone in the United States. 
These species have a number of different 
common names, depending upon the loca- 
tion in which they are found. For exam- 
ple, they may be termed cube in Peru; 
barbasco in Peru and Brazil; timbo in 
Brazil; haiari in British Guiana; and by 
various other names in other countries. 
Tephrosia species, which is synonymous 
with Cracca species, are found in North 
and South America, Africa, Asia, and Aus- 
tralia. These species may also be called 
cube and barbasco in Peru; timbo in 
Brazil; or barbasco in Guatemala, Co- 
lombia, and Mexico. Results published in 
the magazine Soap and Sanitary Chemi- 
cals (1942) 18, No. 9, p. 95, indicate that 
the domestic plant Tephrosia virginiana 
may be successfully substituted for derris 
and cube roots to obtain sprays with a 
high degree of toxicity to houseflies. In 
critical testing a knowledge of just what 
plant is being used is important, because 
even though the rotenone content may be 
the same for the various roots, the ex- 
tractives other than rotenone will differ 
to an important degree for a given per- 
centage. For this reason, in addition to 
rotenone percentage, it is important that 
the root be named in stating derivation of 
other ethyl ether extractives, sometimes 
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called “‘Rotenoids.” The term “Rote- 
noids” is not synonymous with other ethyl 
ether extractives and applies only to 
rotenone-like substances other than ro- 
tenone itself, and it would be incorrect 
usage of the term “Rotenoids” to apply it 
to insecticidal compounds of an entirely 
different nature from rotenone that may 
occur along with rotenone in some plants 

Attempts at standardization of eco- 
nomic poisons of undeterminable com- 
position have taken some interesting turns 
in recent years. In many cases it has been 
possible to give greater exactness to these 
by means of bio-assay methods such as 
Peet-Grady tests for fly sprays, and 
grains of red squill products per pound of 
body weight that will be lethal to white 
rats. Whether it be chemical or biological 
testing, it is of utmost importance that 
the analytical method used eventually be 
standardized. 

PHeNoLic Compounps.—The term cre- 
sylic acid has been loosely used to include 
variable mixtures of many associated 
phenolic compounds, both from coal-tar 
oils and petroleum oil. The term “Car- 
bolineum” has been used to refer to a gen- 
eral anthracene oil fraction or to an emul- 
sified coal-tar oil, and should be clarified. 
The term “Crude carbolic acid” in the 
past has been used to designate coal-tar 
distillates of variable compositions of 
phenols and neutral oils so that under that 
terminology it might have been possible 
for a product labeled “Crude carbolic 
acid” to be almost wholly neutral oil 
and to contain practically no carbolic 
acid. 

PerTRoLeuM Spray O1is.— Recognized 
types of petroleum oils for plant sprays 
are marketed under the terms spray oil 
emulsion, emulsive spray oil, and tank- 
mix oil. A petroleum spray oil emulsion is 
a mayonnaise-type emulsion of petroleum 
oil in water. Such a product contains oil 
approximately 80 per cent, and simply 
requires dilution with water before use. 
The more fluid ones are sometimes desig- 
nated ‘“Flowable.” An emulsive petroleum 
spray oil is one in which an emulsifying 
agent soluble in oil has been added. Such 
a product contains petroleum oil approxi- 
mately 99 per cent, and forms an emulsion 
upon addition to water with agitation. 
The term “‘Miscible oil’”’ has been used to 
some extent to designate a dormant type 
emulsive product containing petroleum 
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spray oil approximately 85 per cent with 
phenols and soap as emulsifying agents. 
This product was very important during 
the early period of spray oils but is seldom 
used now. It seems erroneous to refer to 
emulsive oils as “Soluble” inasmuch as 
they form emulsions and not solutions 
with water. Tank-miz oil is a term adopted 
to designate a petroleum spray oil to be 
used with an emulsifying agent and water, 
all of which are added to the spray tank 
and the mixture maintained as an emul- 
sion or even dispersion by agitation during 
application. The terms “Straight oil” and 
“Unmodified oil,” which may suggest 
crude oil, are hardly adequate, but are 
sometimes used in lieu of the more de- 
scriptive term petroleum spray oil in an 
attempt more clearly to differentiate it 
from emulsive petroleum spray oils and 
from petroleum spray oil emulsions. The 
term “Toxic oil” is misleading as it im- 
plies that oil itself is not toxic, and a 
satisfactory term to refer to rotenone and 
oil preparations is, for example, petroleum 
spray oil and rotenone mixture, intensified 
petroleum spray oil, or petroleum spray oil 
with added toxicant, the last terms having 
more general application. 

Among the laity there is still consider- 
able discussion of viscosities, but it is 
believed they are of secondary importance 
and greatest emphasis should be placed on 
distillation range. In California, foliage 
petroleum spray oils are classified into 
light, light medium, medium, heavy medium, 
and heavy, depending on the amount dis- 
tilling at 636° F. Foliage spray oils that 
do not meet these distillation ranges must 
be labeled “‘Unclassified.”” Each class has 
a specified minimum unsulphonated resi- 
due. 

In reference to a petroleum spray oil the 
term unsulphonated residue should be con- 
sistently used, although this has been 
sometimes stated in the literature as “‘un- 
sulphonatable residue.” The California 
Department of Agriculture method for 
determination of unsulphonated residue is 
recognized by the supplier and consumer 
of petroleum spray oils. It was reviewed 
and studied for several years by the 
American Society for Testing Materials, 
and the term and method were adopted in 
1940 as official Method D 483-40. It was 
also approved as American Standard by 
the American Standards Association and 
designated ASA No. 00: Z11.41-1940. 
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Unsulphonated residue is a petroleum 
spray oil test developed from a method 
already in use nearly 40 years ago in the 
turpentine and the coal tar industries. 
In 1911, Mr. E. Bateman used this 
term in U. S. Forest Service Circular 
191. Seldom, if ever, does a wood tar 
oil or a coal tar oil show any measur- 
able unsulphonated residue. Unsatu- 
rated compounds of petroleum oil are 
those components not completely sul- 
phonated or oxidized to a stable condi- 
tion, and which have not been removed 
in the refining process. They have insec- 
ticidal value but are markedly toxic to 
foliage and plants. Many of these are 
removed by ordinary concentrated 
sulphuric acid under conditions of the 
unsulphonated residue test, and for 
practical purposes all are removed in 
the test by using 37 N H.SO,. The 
evolution of heat and sulphur dioxide 
during the test indicates extensive re- 
action rather than solution; however, 
the manner in which the constituents 
are removed is immaterial. The unre- 
acted oil is read directly and reported 
as percentage by volume. Although the 
capacity of petroleum oil for reaction is 
augmented with an increase in the size 
of the molecule and the number of side 
chains attached, any percentage of 
higher saturated hydrocarbons which 
are sulphonated or dissolved by sul- 
phuric acid is small and _ believed 
negligible. 

Mr. G. P. Gray, a former Chief of the 
Bureau of Chemistry, who originally 
adapted the method to petroleum spray 
oils, used the term unsulphonated resi- 
due. The test is to determine degree 
of refinement and toxicity, the higher 
the unsulphonated residue the greater 
the refinement, and affords a clue to any 
toxicity of a petroleum spray oil to 
plants. For example, a petroleum oil 
that contains unsaturated compounds 
20 per cent will have these removed in 
the test, and leave the saturated com- 
pounds or unsulphonated residue which 
will be read as 80. One containing un- 
saturated compounds 10 per cent would 
show an unsulphonated residue 90 in- 
dicating an oil less toxic to foliage. 

When one uses the term unsulpho- 
nated residue, he is referring to that por- 
tion which remains unaffected by the 
official method, and this term is used 
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when preparing tabulated data of the 
test. By using the term “Unsulphonata- 
ble residue,” it is implied that no matter 
what is done, the petroleum oil residue 
remains unsulphonated under any and 
all methods and conditions. This is not 
true as different methods do not give 
the same result. Frequently it is difficult 
to determine the best term to designate 
an arbitrary test. Unsulphonated and 
“Unsulphonatable” may be thought of 
as past or future. As the terms are 
ordinarily used, they may be equally 
correct depending on one’s starting 
point, but perhaps neither is exactly 
correct, except as a name. Unsulpho- 
nated residue is a standard test per- 
formed in accordance with a definite 
specific procedure, and should any con- 
dition of the test be changed the index 
figure would correspondingly change. 
It is an arbitrary rather than an abso- 
lute value. A similar situation exists 
with regard to viscosity of petroleum 
spray oil, where one also uses a definite 
standard method. The units are always 
given, for example, Saybolt universal, 
absolute, S.A.E., A.P.I., Redwood and 
Engler. When one states “70 viscosity 
Saybolt seconds oil at 100° F.,”’ one is 
left in no doubt as to what “70” means, 
but clearly understands it refers to the 
Saybolt universal viscosity test. If it is 
clear that there is little or no distinction 
between the terms unsulphonated and 
“unsulphonatable,” there should be no 
confusion. However, both refer to the 
same percentage figure; a regulation 
under California law requires that un- 
sulphonated residue be given on the 
label for a petroleum spray oil; hence 
there does not seem to be justification 
for adoption of some other term for the 
test in California. 


SUPERLATIVES.—Superlatives are equally 
undesirable as nicknames. Words such 
as “Concentrate,” “Highly concentrated,” 
“Extra strength,” are usually not accepta- 
ble as part of a name of an economic poi- 
son. A product that is not concentrated 
cannot be so designated, otherwise it 
would be necessary to coin terms such as 
““Super-concentrated”” to care for com- 
mon concentrated solutions. To offer an 
economic poison for sale under a loose 
term or to employ such a term in discus- 
sion of it may confuse a user. 
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INVARIABILITY OF BRAND NAME Prop- 
ucts.—In the 1936 Annual Report of the 
State of California Department of Agri- 
culture, Bureau of Chemistry, attention 
was called to the invariability of a brand 
name. A change of any kind in a brand 
name such as the change of a single letter 
or in the arrangement of words, ‘makes a 
different brand name requiring separate 
registration. A short brand name is highly 
desirable and not a long one such as, ““Glo- 
bal Combination Treatment Worm Cap- 
sules for Puppies and Dogs Weighing One 
to Ten Pounds,” or “XYZ Special Solu- 
tion No. 57 Moth Spray and Fumigant 
for Steam Laundries and Dry Cleaning 
Services.”” It was previously indicated 
that there is no place for nicknames in 
chemical names, and there is none in 
brand names, and their use generally 
leads only to confusion. To avoid this, 
manufacturers should particularly dis- 
courage use of nicknames for their prod- 
ucts. However, we do permit on labels 
and advertising an abridged brand name 
if the brand name is used correctly the 
first time, and there is a clearly worded 
note to indicate any abbreviation that 
will be used later in its stead. 

There was a case where a manufacturer 
had two plant sprays with closely similar 
names. One was a petroleum oil spray 
suitable for application to foliage and the 
other contained in addition a small per- 
centage of a different ingredient that made 
it suitable only for dormant application to 
deciduous trees. A grower who had long 
used the first product with satisfaction 
erroneously purchased and applied on 
foliage the second one carrying the similar 
brand name and sold in a similar package. 
Severe damage resulted. Each product 
was so labeled as to comply with the re- 
quirement of law. Each material was 
clearly distinguished in the mind of the 
manufacturer by long familiarity with his 
products, but opportunity for confusion 
did exist in the mind of the consumer, and 
the manufacturer was at least morally 
remiss in not having adopted more clearly 
distinguishable brand names. Consistent 
use of the exact name for each product will 
minimize the danger of confusion between 
products of different manufacturers and 
between different products of the same 
manufacturer. If a brand name is brief, 
clearly discernible, and not confused with 
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unrelated words and signs, the tendency 
to use a nickname for it is reduced. 

Technical men and governmental agen- 
cies should be especially careful to refer 
to a product by an accurate descriptive 
name, whether it be the chemical name or 
a commercial name. Federal and other bid 
proposals should be specific and incapable 
of misinterpretation. In California manu- 
facturers are required to maintain from 
year to year a uniform or improved com- 
position or quality for each brand name 
product, and to indicate by at least an 
identifying change in name any variation 
made in the composition. Some leeway is 
given manufacturers when it is necessary 
to alter a composition due to priority rul- 
ings, allocations, and the like, in order for 
them to continue manufacturing at all. 
An experienced investigator stated to the 
writer that he worked for three years with 
a certain spreader with various results, 
and then found that the composition had 
been changed four times during the in- 
terim. There is no objection to change, 
per se, but California requires a distin- 
guishing mark to identify each revised 
formula. When a brand name of an eco- 
nomic poisons product is mentioned, care 
should be taken always to use it identi- 
cally as it has been registered. Technical 
men in general should try to give specific 
chemical names of any materials or mix- 
tures used. When this is impossible, in 
their publications some investigators fol- 
low the practice of reporting proprietary 
materials by describing certain constants 
and footnoting the reference with a brand 
name so that exact compositions may be 
checked with the manufacturer. This 
seems a fairly safe rule to follow when 
it is necessary to work with proprietary 
products. Manufacturers of pest control 
materials should guarantee as the active 
ingredient or ingredients, the exact chemi- 
cal, if known, and show its equivalent per- 
centage in terms of chemical elements, if 
equivalents tend to simplify the guarantee. 

Conciusion.—Technical language re- 
quires clear, precise, and adequate ex- 
pression. Correct terminology for eco- 
nomic poisons is not only of importance to 
users and manufacturers to assure maxi- 
mum results, but also an aid to entomolo- 
gists, plant pathologists and chemists in- 
terested in advancing the knowledge of 
their work.—9-5-43. 
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A Report on the Penetration of Packaging 
Materials by Insects 


E. O. Esstc, W. M. Hosxrns, E. G. Luysuey, A. E. Micne.sacuer, and R. F. Surra,! 
University of California, Berkeley 


The importance of a thorough under- 
standing of the biology and control of 
stored products insects in connection with 
the food situation in the war effort, with 
regard to the supplies for the armed forces 
and civilian population in our own coun- 
try and those of our allies, has been evi- 
dent for some time. However, the situa- 
tion now has become critical for at least 
five distinct reasons: viz., (1) the necessity 
for storing dried, dehydrated, and cured 
foods in great quantities for considerable 
periods of time: (2) the difficulty of ob- 
taining suitable packaging materials that 
will endure rough handling and remain 
vapor tight, and also completely resist the 
attacks of insects;? (3) irregularities in 
cleaning and disinfecting storage ware- 
houses and transportation facilities, par- 
ticularly freight cars, barges, and cargo 
ships; (4) the hazards of insect infestation 
and contamination on shipboard during 
transit, which requires weeks and even 
months of temperature and moisture con- 
ditions extremely favorable to the devel- 
opment of insects; and (5) the tropical 
climates with their large numbers of in- 
sect pests which attack all kinds of edible 
products. Frequently these materials must 
be dumped in areas where exposure to 
high temperatures, and rain make them 
even more susceptible to infestation. 

The recognition of these problems as 
vital to the success of the war effort re- 
sulted in the organization of a group in the 
Division of Entomology and Parasitology, 
University of California at Berkeley, to 
formulate a project covering the general 
scope indicated above. 

Accordingly suitable quarters consist- 
ing of dark rooms and laboratory facilities 
for rearing stored food products insects, 
were set aside, and equipment, especially 
rearing containers and temperature and 
moisture control apparatus, was installed. 


1 The authors wish to express their sincere appreciation to 
Prof. W. V. Cruess and Dr. E. M. Mrak, Division of Fruit 
Products, University of California and Mr. A. L. Pitman, 
Western ional Laboratory, U. S. Dept. of Agriculture, Al- 

. California, for their hearty cooperation im this work. 
Wi t their assistance the study could not have been satis- 
factorily undertaken. 

? Infestation by insects is not necessarily the primary consider- 
ation since penetration without infestation may be equally 
serious in that it both destroys the moisture-proofness of the 
container and allows other organisms to enter. 


Cultures of some 20 species of stored food 
insects were already available and formed 
a nucleus for the present investigation. 

Early in 1942 new types of packaging 
materials designed for use as substitutes 
for metal containers were being tested at 
the U. S. Dept. of Agriculture, Western 
Regional Laboratory, Albany, California, 
and the problem of testing such materials 
for insect penetration and infestation was 
referred to our group. The work soon re- 
solved itself into two main projects: (1) 
studies of the biologies and food habits of 
the insects, especially in relation to de- 
hydrated products, and (2) the testing of 
packaging materials in relation to insect 
penetration, contamination, and infesta- 
tion. 

The work was further augmented by 
information obtained through participa- 
tion in Regional Dehydration Training 
Schools conducted under the auspices of 
the Agricultural Research Administration, 
the Bureau of Agricultural Chemistry and 
Engineering, and the Agricultural Mar- 
keting Administration of the U. S. De- 
partment of Agriculture held at Albany, 
California, and Rochester, New York, in 
September and October, 1942. Requests 
for testing packaging materials have been 
received at a ever increasing rate, not 
only from the armed forces, but also from 
commercial manufacturers, distributors, 
and users of packaging materials. 

Insect penetration of packaged foods is 
not a new problem but has been previ- 
ously investigated, mostly with dried 
fruit, by several workers including Parker 
(1913, 1915) and Myers (1927). More 
recently Stracener (1938) has reported 
tests with multiwall, metal strip-sealed 
bags for milled rice and Hickin (1942) 
noted penetration of transparent cellulose 
film by Ptinus. 

Metnop anp Tecuniques.—In con- 
nection with the packaging experiments 
stock cultures of 32 species of stored prod- 
uct insects are maintained continuously. 
The insects are largely reared in gallon 
glass mayonnaise jars with muslin lids to 
allow relatively free passage of air. By 
varying the foods, humidities, and tem- 
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peratures according to the requirements 
of the various species, large numbers of 
insects are available for biological studies 
and penetration tests. The major portion 
of the cultures are maintained in a room 
having a north exposure in a granite build- 
ing. The temperature ranges from 67° F. 
to 83° F. and the relative humidity aver- 
ages approximately 60 per cent. At the 
present time penetration studies are being 
conducted with approximately 15 species 
of insects. Although the rearing methods 
as regards moisture content, amount and 
kind of food, places for pupation, etc., 
vary somewhat with each species, the 
cadelle may be used as an example of our 
rearing methods. 

Large numbers of adult beetles are in- 
troduced into 20-gallon ash cans half filled 
with rolled barley. The bottom two or 
three inches of food is dampened to the 
consistency of wet mash. Strips of cello- 
cotton are placed in the culture for ovi- 
position. From time to time these strips 
are transferred to other jars of moistened 
rolled barley. The larvae develop rapidly 
on this diet and large populations may be 
obtained in a short time. Rolled barley is 
apparently an adequate food and has the 
further advantage that larvae may be 
readily separated from it. Yeast and dried 
skim milk are sometimes added to supple- 
ment this diet. When adults are desired, 
strips of Cellotex or corrugated cardboard 
are placed in the culture to provide places 
for pupation. 

Since preliminary tests showed that 
large larvae of the cadelle, Tenebroides 
mauritanicus, are more aggressive in en- 
tering packages than any of the other in- 
sects available, these were used as the test 
insect in most experiments. This species 
has long been known as a borer in wooden 
structures in granaries, storage bins, ware- 
houses, and ships and is reported to pene- 
trate various packaging materials such as 
sacks, parchment, cardboard, and even 
waxed and other papers (Back & Cotton 
1926b). As is the case with most stored 
food pests populations are likely to reach 
high levels where there is a lack of sanita- 
tion. Under these conditions structures 
may be riddled by their boring. 

Certain points may be kept in mind re- 
garding materials to test for resistance to 
penetration by insects. It is highly desira- 
ble at the present tinfe that results be of 
practical value and hence tests must be 
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limited more or less closely to materials 
now in use or readily available in large 
quantities. Numerous factors doubtless 
influence the readiness of penetration, 
among which the following are certainly of 
importance: (a) nature of the material, 
e.g., metallic, wooden, paper, synthetic; 
(b) thickness of the packaging material,— 
single or multiple layers, especially those 
built up from sheets of different materials; 
(c) effect of creases, folds, corners, 
scratches; (d) chemical treatment and ad- 
dition of mechanical agents such as abra- 
sive powders. 

Materials to be tested are usually in 
the form of small packages (approxi- 
mately 3X5.5 in.). Tests of these small 
packages are made in gallon jars. Ash cans 
are usually used for larger packages. In 
either case the bottom of the container is 
covered with a disk of Kraft paper to pro- 
vide more secure footing for the insects. If 
contaminated conditions are to be simu- 
lated a small amount (10 to 50 grams de- 
pending on size of container) of whole 
wheat flour is sprinkled on the paper disk. 
This contamination provides the insects 
with food and a place to hide, and more 
closely simulates storage and warehouse 
conditions. Contamination is usually used 
with the various flour beetles and lepidop- 
terous larvae. Small packages are either 
used in pairs or tested singly. In the latter 
event they are wrapped with a layer of 
Kraft paper held in place with a rubber 
band or heavy cord. Here again usual 
storaging and packaging conditions are 
simulated in order to give the insects more 
secure footing on the package. Flour is 
not placed directly on the package since it 
is possible that this might affect penetra- 
tion of the packaging material. The num- 
ber of insects utilized in each container 
depends on the species involved, other 
species which may be utilized in the same 
test, the developmental stage of the in- 
sect, the size of container, and the size of 
the package. Under most conditions of 
testing 10 cadelle larvae or 25 individuals 
of some other species were regarded as 
testing units for each gallon jar. The num- 
bers utilized were thus relatively large to 
allow a reasonable chance of penetration 
in case of high mortality. However, since 
under storage conditions the number of 
larvae might be unlimited, a better pro- 
cedure for the test would be to keep the 
population constant. This is now being 
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done in further tests not yet completed. 
Lower concentrations also are being used. 
Frequently combinations of insects were 
tried. Thus cadelle larvae and saw-toothed 
grain beetle adults were sometimes used 
together. Where the larvae of the insects 
were free-living usually both adults and 
larvae were utilized. In the case of moths, 
however, only larvae were introduced into 
the cultures. Packages up to 50 pounds net 
have been handled in large ash cans. Pene- 
tration tests were conducted in a room 
which was maintained at approximately 
50 per cent relative humidity and 80 ° F. 

Packages were given a preliminary ex- 
amination at the end of two weeks. If they 
showed any external signs of penetration 
they were opened and examined from the 
inside. Containers such as the Bemis bag 
with several liners must be examined 
layer by layer. All surfaces were carefully 
examined and small holes detected by 
passing the material over a bright lamp 
or other suitable background. Scarifica- 
tion and penetrations were noted and 
classified according to position (top, bot- 
tom, side) and type (made in fold, crease, 
smooth area, seam, etc.). Finally the con- 
tents of the box were examined for insect 
infestation. Where possible replicates were 
made and the length of exposure varied 
from 2 weeks to 3 or more months. 

In experiments with chemical repellents 
small packages, approximately 1x2x4 
inches in size were made from paper towel- 
ling which was first dipped in a solution 
or a suspension of the desired chemical in 
a soft wax (No. 2305, Western Waxed 
Paper Co.) kept molten in a deep trough 
in a boiling water bath. The paper was 
then drawn through a simple press made 
of two pieces of quarter-inch glass tubing 
held in vertical slots about 6 inches apart 
and kept in rather close contact by a lead 
weight set in each slot. Live steam was 
passed through the tubes to keep them 
hot. The amount of wax solution left upon 
the paper varied but little as indicated by 
these indicated by these sample data: 


Weight of paper Weight of paper plus 


towelling wax and chemical 
per sq. inch per sq. inch 
A! B} 
0.0361 0.1131 0.1207 
0.0367 0.1091 0.1166 
0.0367 0.1025 0.1187 


Ave. 0.0365 Ave. 0.1116 Ave. 0.1187 
1 (A, upper part of sheet and B, lower part of sheet, as it came 


from the press.) 
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From these data it may be seen that the 
sheet as used in making the packages was 
by weight about one-third paper and two- 
thirds wax plus chemical. In order to make 
the bags of uniform size and shape they 
were formed about a wooden mold and all 
laps were sealed tightly by pressing with a 
warm soldering iron. The bags were filled 
loosely with flour and the upper ends were 
closed and sealed with special care. Two 
bags treated with the same chemical were 
laid on the side at the bottom of a gallon 
battery jar together with a few grams of 
loose flour and ten large cadelle larvae 
were added. Such a set up constituted a 
“unit test” which was kept in a small ven- 
tilated room at 30° C. and approximately 
60 per cent relative humidity. The jars 
were shielded from strong light and were 
examined at intervals of a few days to 
note toxic effects and the time of first 
penetration of a bag. 

Until recently all tests were made on 
prepared packages of various sizes but a 
method is now being developed for direct 
testing of films without the necessity of 
making them into packages. At present 
pint Mason jars with Kerr type lids are 
being utilized in these tests. A disk of the 
film to be tested, with or without a fold, 
is placed over the mouth of the jar. A 
ring made from one of the self-sealing lids 
is placed over the film thus exposing an 
“arena” 1.75 inch in diameter. A self- 
sealing lid is inverted over the above and 
the cap screwed down tightly giving the 
“arena” a depth of 0.19 inch. Three ca- 
delle larvae in the ultimate or penultimate 
instar are placed in the “arena.”’ Penetra- 
tions are readily observed as the larvae 
drop down into the empty jar. This type 
of testing unit is quickly made and may be 
effectively used in experiments on the ef- 
fect of various foods on penetration, the 
comparisons of penetrating power of vari- 
ous insects, etc. A similar method has 
been used in the study of repellents. In 
this case the larvae was allowed to move 
away from the treated area. A sheet of 
paper towelling treated with wax only, and 
one treated with wax plus the desired 
chemical were fastened together with an 
interlocking lap sealed carefully and rein- 
forced with fine wire staples. A half-inch 
fold was made in this composite sheet at 
right angles to the lap and in this folded 
condition the sheet’ was held on the lower 
end of a bottomless can (4 inches wide by 
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3 inches high) while the top was carefully 
forced part way on over the paper. Hence 
an “arena” of the same nature as that 
used by Wigglesworth (1941) in his work 
on the sensory reactions of the human 
louse was formed, half treated with the 
desired chemical and half free of it. The 
fold was not essential but it gave the in- 
sects a preferred place to penetrate the 
paper and hence shortened the time 
needed for a test. Five large cadelle larvae 
were placed in each of the cans which were 
kept in the room previously mentioned. 
Reactions of the larvae, e.g., avoidance of 
the treated area, toxicity, and penetration 
of the paper were noted at daily intervals 
without disturbing them. 

Materials tested: The following is a list 
of materials thus far tested: 


1. Super calendered unbleached sul- 

phite. 

2. Laminated amber diaphane. 

3. Kraft plus 3 per cent Dowicide (a 
chlorinated phenol derivative). 

Double waxed parchment paper. 

du Pont Cellophane 600. 

du Pont Cellophane M.S.T. 300. 

Slyvania Cellophane 300 tiplex. 

Thermophane A. (a M.S.T. cel- 
lophane, moisture proof, heat 
sealing, transparent type of pack- 
aging material laminated to a 
sulphite paper.) 

'9. Reynolds Metal Bag (type A 10) 
covering Standard 17 DF Solid 
Fibre Case. Composition of bag 
as follows: dense Kraft, asphaltic 
compound, solid sheet alloyed 
lead, moisture-proof adhesive, 
cellophane, special heat sealing 
coating. 

Bemis bag covering Standard 17 
DF Solid Fibre Case. Composi- 
tion of bag as follows: outer wall, 
0.001 inch leadfoil laminated 
each side with 15 pounds asphalt 
to 30 pounds dense Kraft; center 
wall, 50 pounds dense Kraft 
waxed to 100 pounds; inner wall, 
40 pound dense Kraft; closure, 
taped, sewed, and wax dipped. 

11. A fibre case double dipped in a 

thermoplastic wax (J-ration). 
First dip very hot for penetra- 
tion. Second dip cool to wax out- 
side and seal gaps. 


20 a2 on 


10. 


_ ! These materials were tested as commercial packages weigh- 
ing 124 or 25 pounds. 
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12. Bates Multi-wall paper bag (5 and 
7 ply asphalt laminated bags). 
13. Paper towelling treated with wax. 
14. Abrasive paper, Armour’s No. 320A 
Crystolon. 
All of the above materials were penetrated 
by one or more of the insects tested. In 
many of the tests the packages were pene- 
trated with ease and usually within a rela- 
tively short period of time. In our tests, 
the thermoplastic product (No. 11) shows 
the most promise of being insect-proof. 

With some of the insect species the 
presence of whole wheat flour on the floor 
of the test chamber appeared to make con- 
ditions more favorable for penetration. 
Evidence was also obtained which sug- 
gested that the contents of the package 
may influence insect penetration. 

Several of the package materials would 
be more resistant to insect attack if it 
were not that in making them into con- 
tainers, creases, folds, and roughened 
areas are formed. For some species, at 
least, these disturbed areas are favored 
points for penetration probably because 
they provide better footing and leverage 
as well as traction for the mandibles. 

A great variation was observed in the 
ability of stored product insects to pene- 
trate packaging materials. As would be 
expected those that have boring propensi- 
ties are the best penetrators. Thus the 
cadelle larva, Tenebroides mauritanicus, 
was the most efficient of the insects tested 
in penetrating packages. The lesser grain 
borer adult, Rhyzopertha dominica, proved 
to be rather effective and even the gran- 
ary weevil adult, Sitophilis granarius, 
demonstrated an ability to penetrate 
numerous package materials. The flour 
beetles Tribolium spp. and Aphanotus 
destructor, adults and larvae, and the 
moths Ephestia spp. and Plodia inter- 
punctella, larvae, for the most part ap- 
peared to be poor penetrators and we have 
not yet been able to demonstrate that the 
saw-toothed grain beetle adult Oryzae- 
philus surinamensis is able to penetrate 
packages (cf. the contrary results of Back 
& Cotton, 1926a). Likewise, although 
the drug store beetle, Stegobium paniceum, 
adult, has distinct boring ability, it did 
not appear to be a good penetrator in 
any of our tests. Table 1 summarizes the 
results obtained from trials with seven 
different packaging materials and nine 
different insects. In this series of tests the 
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Fig. 1.—Penetrations by the larvae of the cadelle in 
Reynold’s metal bags enclosing cartons of dried 
fruit. A, corner penetration; B, crease penetration; 
C, smooth surface penetration; D, fold penetration. 
0.63 
cadelle larva penetrated all the packaging 
materials regardless of whether they con- 
tained white flour or dehydrated pota- 
toes. The granary weevil adult seems to be 
nearly as efficient. It penetrated all of the 
package materials but in some cases it 
did not gain entry into the packages which 
contained dehydrated potatoes while in 
others it failed to penetrate the packages 
that contained white flour. The lesser 
grain borer adult and the broadhorn flour 
beetle adults and larvae are in the third 
position both having penetrated four of 
the materials. The lesser grain borer adult 
penetrated only packages that contained 





Fic. 2.—Insect penetrations in Reynold’s metal 

packages containing dehydrated filet of sole. Right, 

the cadelle larva; left, the larva of the hide beetle. 
1.5 
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white flour. Of the remaining insects the 
saw-toothed grain beetle adult is the only 
one that failed to penetrate any of the 
offered materials. 

Only the cadelle larva, the lesser grain 
borer adult, and the sawtoothed grain 
beetle adult were used in tests with the 
material known as Thermophane A. In 
limited tests of these insects the cadelle 
and the lesser grain borer were able to 
penetrate the material. This packaging 
material has shown some promise but 
further tests are necessary. 

Many different trials were made with 
Reynolds metal or similar types of Kraft- 
asphalt-leadfoil laminated bags. This ma- 
terial offered little resistance to the ca- 
delle larva. Many penetrations were made 
within a two-week period. The cadelle 


A 
B 


Fic. 3.—Penetrations by the cadelle in Bemis bags 

enclosing cartons of dried fruits. A, penetration at a 

corner through all three liners; B, penetration at a 
crease through all three liners. 0.57 








entered most freely through areas that 
had been roughened in making bags or 
wrappers although it would occasionally 
penetrate a smooth surface (Fig. 1). 

In one series of tests Reynolds metal 
packages containing dehydrated filet of 
sole were exposed to several kinds of in- 
sects. Of these the only two which were 
able to penetrate the packages were lar- 
vae of the cadelle and of the hide beetle, 
Dermestes vulpinus (Fig. 2). 

In other tests with Reynolds metal con- 
tainers several different species of insects 
were utilized together. In most cases, at 
least, one of these was able to penetrate 
the package. It was not possible, of course, 
to determine just which species made the 
penetrations and at this time we can state 
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only that there are other species besides 
the cadelle and Dermestes that can pene- 
trate this material. 

A considerable amount of work was 
done with Bemis bags. The cadelle had no 
difficulty in penetrating this material and 
the nature of its penetration is variously 
shown in figure 3. Other species of in- 
sects were used together and at least one 
of these was able to penetrate this pack- 
age. However, if it were not for the fact 
that the cadelle penetrates this material 


course, in the presence of large popula- 
tions damage may result even from such 
relatively innocuous insects. 

The most satisfactory of the materials 
tested was a heavy cardboard container 
dipped in a thermoplastic material (No. 
11). Of the 10 insects tested only the ca- 
delle larva was able to successfully pene- 
trate it and this in only one case and with 
considerable difficulty. Apparently the 
Thermoplastic dip along with the heavy 
cardboard offers resistance to insect at- 


Table 1.—Results of an experiment to determine the ability of various insects 
to penetrate certain packaging materials. 
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with ease it would be one of the most 
promising thus far tested. 

The thickness of the packaging material 
is undoubtedly an important matter. Thus 
paper towelling, either plain or waxed, is 
penetrated by cadelle larvae in two to five 
days whereas they require several weeks 
in case of the heavy materials. For in- 
stance bags made of muslin heavily im- 
pregnated with wax were just penetrated 
after six weeks. The granary weevil adults 
can penetrate nearly all the thin prepara- 
tions tested but none of the heavy ones. 
This situation probably prevails with all 
the flour beetles and moths which do not 
have strongly-developed boring habits. Of 


tack. The greatest weakness of this type 
of package is the seal although it should 
be possible to improve this feature. 

An interesting point is the resistance 
offered by Armour’s No. 320A Crystalon 
Abrasive paper which, tested with cadelle 
larvae by the small bag method, was pene- 
trated only after nine months of continu- 
ous exposure. At the present time no 
penetration has resulted in a continuing 
arena test which has already lasted six 
weeks. If tests with other insects are 
equally encouraging the possibility of us- 
ing such materials will be worth serious 
condideration. 

The addition of chemicals to the con- 
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tainers of foodstuffs for the purpose of 
protecting them from insects is a proce- 
dure which may be of value in addition to 
ordinary sanitary and packaging precau- 
tions. Such chemicals may act as poisons 
or as repellents, or both, but if the invad- 
ing insects are numerous a poison will be 
of little use since removal of a little of the 
container by each individual before it is 
killed will soon result in one or more holes 
through which other insects may enter. 
Consequently attention has been directed 
toward the discovery of repellents. 

About 40 compounds have been tested 
in the wax-impregnated packages. For 
purposes of comparison the materials have 
been classified arbitrarily according to 
whether or not they prevent penetration 
for a 21-day period. Those so far studied 
which are effective for this period are: 


Concen- 
tration Time to First Penetration 
Compounds Per Cent) (Days 
benzy! disulfide 4 57 (6 larvae dead in 17 days) 
thialdine 4 $3 (8 larvae dead in 8 days) 
p-tert-amyphenol 3 29 (9 larvae dead in 29 days) 
rotenone 3 27 (8 larvae dead in 12 days) 
o-dinitrobenzene 4 23 
o-nitro dipheny! 3 22 (8 larvae dead in 8 days) 
m-dinitrobenzene 4 21 (8 larvae dead in 21 days) 
3,5 dinitrocresol + none (10 larvae dead in 5 days) 
2 none (10 larvae dead in 8 days) 
l none (10 larvae dead in 9 days) 


The high mortality caused by most of the 
compounds above undoubtedly prolonged 
the time until the first penetration. 

Among the substances giving slight or 
inappreciable protection the following 
may be mentioned. The figures in paren- 
thesis are concentrations in per cent and 
the materials are arranged according to 
general nature, e.g., all sulfur compounds 
are together but with no reference to or- 
der of efficiency :— 


Sulfur (3), dry lime-sulfur (3), thioure: 
(3), c-ethyl sym methallyl xanthate 
(3), diamino diphenyl sulfide (3), tetra- 
methyl thiuram disulfide (3), zine di- 
methyl dithiocarbamate (4), lauryl thio- 
cyanate (3), tert butyl thiocyanate (3), 
barium, lead, copper, and cerium 
naphthenates (3); 

1,2,3, trichloro propane (3), 1,1,1,2,3, 
pentachloropropane (3); diamyl amine 
(3), chloramine B (Na benzene sulfon 
chloramine) (3). 


A few of the materials listed above have 
been tested by the arena method with 
half the surface treated and the other half 
untreated. Results to date show that the 
treated side is not penetrated when the 
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following materials are used at 1 per cent 

concentration in wax applied to paper 

towelling: 3,5 dinitro-o-cresol, 2 chloro, 6 

phenyl phenol and 2,6 dimethyl naph- 

thalene. 

SumMaAry.—lIn order to provide insects 
for testing the resistance of packaging ma- 
terials to the attack of stored products 
pests colonies of 32 species of these insects 
have been established. The general meth- 
ods of rearing are discussed. Tests of re- 
sistance to penetration are carried on ac- 
cording to three techniques: (a) exposure 
of small packages or flat sheets of various 
packaging materials to one or several spe- 
cies, (b) similar exposure of commercial 
packages, (c) exposure of small bags or 
flat sheets of paper towelling impregnated 
with wax plus any desired chemical to 
test possible repellent effect. 

On the basis of preliminary work it may 
be tentatively concluded: 

1. With some insects penetrations of 
package materials permeable to 
odors is apparently favored by 
the presence of food. 

Those insects with propensity for 
boring are apparently the best 
penetrators of packaging mate- 
rials. 

3. At least one stage of each of the 
common stored food pests, ex- 
cept the saw-toothed grain bee- 
tle, was able to penetrate some of 
the materials tested. 

4. None of the commercially used 
metal-substitute packaging ma- 
terials tested is strictly insect- 
proof. An abrasive paper is still 
under test. 

5. The most promising type of mate- 
rial thus far tested was a heavy 
cardboard carton double-dipped 
in a thermoplastic material. 

6. Among the more promising trans- 
parent cellulose materials are such 
products as Thermophane A and 
Cellophane 600. However, these 
materials are only relatively more 
resistant to penetration than most 
light weight materials tested. 

Laminated Kraft-asphalt-leadfoil- 
cellophane bags showed little re- 
sistance to insect penetration. 

8. Among the multiwall bags the 
Bemis bag was the most promis- 
ing. However, it was readily 
penetrated by the cadelle. 
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9. Manufacturing techniques are 
needed which will produce uni- 
form containers without rough- 
ened spots, creases, folds, and 
similar areas where insects pene- 
trate most easily. 

10. Repellents offer a possible solution 


to the problem of keeping insects 
out of packaged food. Toxicity is 
shown by many compounds, es- 
pecially phenol derivatives, and 
the effects due to repellency are 
thereby obscured.—7-20-43. 
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A Report on Insect Infestation of Stored 
Grain in California 


E. G. Linsiey and A. E. Micue.tsacuer, University of California, Berkeley 


The following report is based upon a 
survey of approximately one hundred and 
twenty-eight infested granaries' in ninety- 
seven localities of California. This number 
represents about 75 per cent of the gran- 
aries actually examined. The remaining 25 
per cent were found to be uninfested, al- 
though a great many of these were new 
construction and freedom from insect in- 
festation was therefore probably due to 
this fact and not to sanitary practices. 
However, where sanitary practices had 
been strictly followed little or no infesta- 
tion was found about granaries of several 
years standing. 

The localities surveyed (Fig. 1) have 
been roughly grouped into four main areas 
on the basis of differing environmental 
conditions. These are the Sacramento 
Valley, the San Joaquin Valley, the 
Coastal area from Monterey Bay south to 


' For comparable warehouse surveys, see Mackie & Carter 
(1937: 276) and Doane (1918: 313). 


Los Angeles County, and the southern in- 
terior of Los Angeles, Riverside, and Im- 
perial Counties. 

Sacramento Valley. Mackie & Carter 
(1937) reported a survey of granaries in 
the Sacramento Valley in 1933 which re- 
vealed that the four primary pests of 
stored grain were present in the following 
order of abundance: (1) the granary wee- 
vil, Sitophilus granarius (Linn.). (2) the 
Angoumois grain moth, Sitotroga cereal- 
ella (Oliv.), (3) the rice weevil, Sitophilus 
oryza (Linn.) and (4) the lesser grain 
borer, Rhyzopertha dominica (Fab.) The 
results of our survey of this area agree 
with the report of Mackie and Carter, al- 
though at the present time the lesser grain 
borer seems to be on the increase and may 
eventually surpass the rice weevil in im- 
portance. 

San Joaquin Valley. In this region the 
rice weevil assumes more importance and 
in the southern portion of the area it is 
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more destructive than the granary weevil. 
The lesser grain borer and Angoumois 
grain moth were found sparingly, al- 
though near Merced two bins of barley 
were found which had been nearly de- 
stroyed by the former. 

Coastal Area. In the coastal counties the 
granary weevil was fairly abundant, the 
rice weevil rarely important. The Angou- 
mois grain moth was scarce and the lesser 
grain borer was not encountered. 








Fic. 1.—Location of infested granaries surveyed. 

Enclosed areas indicate Sacramento Valley, San 

Joaquin Valley, Coastal Region and Southern 
Interior areas respectively. 


Southern Interior Area. In this region 
the rice weevil is of primary importance 
and in Imperial County it replaced the 
granary weevil in all of the granaries ex- 
amined. This latter county also appeared 
to be well infested with the less grain 
borer. The Angoumois grain moth was 
common. 

Primary Grain Pests.—In this group 
we have placed the species which attack 
whole grain at normal moisture contents 
prevailing in storage. Considering the 
state as a whole, the granary weevil must 
be regarded as the most important pest of 
whole grain. It was present in 60 per cent 
of the infested granaries encountered. 
However, its relative importance dim- 
inishes as one progresses southward and 
that of the rice weevil increases (Table 1). 
In Imperial County the latter displaces 
the former. The Angoumois grain moth 
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and lesser grain borer are most important 
in the Sacramento Valley and southern 
interior area. In the San Joaquin Valley 
they are local in occurrence and along the 
coast the lesser grain borer appears to be 
absent. However, it has only been known 
from California since 1933. (Mackie and 
Carter 1937). In no case was the Angou- 
mois grain moth found in destructive 
numbers. Apparently serious damage is 
limited to grain where harvest is long de- 
layed. 

Table 1.—Comparison of the frequency of 
occurrence of granary insects in the major Cali- 
fornia grain storage areas. The ratios indicate 
number of granaries in which the species were 
present in relation to number of infested gran- 
aries examined. 














SACRA- San Soutu- 
MENTO JOAQUIN ERN 
Species Vattery Vatiter Coast Inrexior 
Primary 
Sitophilus granarius 31:42 15:37 18:33 3:16 
Sttophilus oryza 6:42 16:37 7:33 10:16 
Rhyzopertha dominica 2:42 3:37 3:16 
Sttotroga cerealella 11:42 2:37 2:33 6:16 
Secondary 

Oryzaephilus surinamensis 28:42 19:37 14:33 8:16 
Oryzaephilus mercator 6:37 3:33 3:16 
Tenebroides mauritanicus 10:42 11:37 3:33 3:16 
Tribolium confusum 30:42 13:37 15:33 12:16 
Tribolium castaneum 2:42 14:37 5:33 9:16 
Laemophloeus pusillus 12:42 10:37 3:33 3:16 
Laemophloeus ferrugineus 3:42 9:37 7:33 5:16 
Ephestia kihniella 9:42 2:37 5:33 
Plodia interpunctella 4:42 2:37 2:33 
A phomia gularis 1:16 
Corcyra cephalonica 1:16 

Minor or Incidental 
Attagenus piceus 2 2:37 2:33 
Perimegatoma variegatum 1:42 2:37 $:33 
Trogoderma versicolor 5:37 8:33 2:16 
Trogoderma sternalis 2:37 1:33 
Anthrenus verbasci 2:37 2:33 
Cathartus quadricollis 4:42 2:33 
Ahasverus adrena 10:42 7:37 10:33 1:16 
Aglenus brunneus 1:33 
Typhaea stercorea 10:42 1:37 5:33 1: 
Cryptophagus inscitus 1:37 2:33 
Cryptophagus cellaris 1:37 1:33 16 
Cryptophagus sp. 4:42 
Henoticus californicus 1:42 2:37 1:33 
Enicmus minutus 4:42 1:37 1:33 
Enicmus crenatus 1:33 
Cartodere flum 1:33 
Melanophthalma americanum 1:42 1:37 1:33 
Alphitophagus bifasciatus 3:42 3:37 4:33 
Gnathocerus cornutus 2:33 1:16 
Palorus ratzeburgi 1:42 2:37 1:16 
Alphitobius diaperinus 1:37 3:33 2:16 
Alphitobius piceus 4:42 2:37 1:16 
Tenebrio ite 1:42 
Tenebrio obscurus 7:42 3:37 2:33 
Ptinus hirtellus 1:42 4:33 2:16 
Ptinus tectus 2:33 
Ptinus gandol phei 1:42 1:37 
Trichogenius globulus 1:33 1:16 
Carpophilus dimidiatus 3:37 
Haptoncus luteolus 1:42 
Pyralis farinalis 9:42 2:37 2:33 3:16 
Hoffmanophila pseudo- 

spretella 1:42 1:33 1:16 
Endrosis lacteela 1:33 
Paraneura simulella 1:33 
Scenopinus fenestralis 2:42 2:33 
Lepinotus patruelis 2:33 
Liposcelis divinitorius 1:42 1:37 2:33 
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SeconDaRY Pests.—lIn this category 
we have placed the common grain feeding 
insects which frequent granaries but 
rarely attack whole grain at the moisture 
content which prevails in normal storage. 
Most of these are associated with the 
primary pests and follow closely upon 
their attack. 

The commonest and most ubiquitous 
uf the secondary pests are the confused 
flour beetle, Tribolium confusum J. duV. 
and the saw-toothed grain beetle, Oryz- 
aephilus surinamensis (Linn). Both were 
more or less equally common throughout 
the state, and frequently were the only 
pests encountered. To the southward the 
confused flour beetle encounters more and 
more competition from the rust-red flour 
beetle, Tribolium castaneum (Herbst). 
However, the latter does not replace the 
former in the southernmost part of the 
state as the rice weevil does the granary 
weevil, and the two exist together in the 
same granaries. 

The flat grain beetles (Laemophloeus 
spp.) are encountered only a little less fre- 
quently than the flour beetles and saw- 
toothed grain beetle. In general they ap- 
pear to parallel the flour beetles in dis- 
tribution, the flat grain beetle, L. pusillus 
(Schén), roughly coinciding with the rust- 
red flour beetle, the rust-red grain beetle, 
L. ferrugineus (Stephens), with the con- 
fused flour beetle. 

The moths were probably not ade- 
quately sampled. However, it appeared 
that the Mediterranean flour moth, 
Ephestia kiihniella Zeller and the Indian 
meal moth, Plodia interpunctella (Hbn.) 
were fairly common granary insects, al- 
though in the Sacramento Valley, some 


of the records probably apply to the cacao 
moth, Ephestia elutella Zeller. None of 
these moths appeared to be very destruc- 
tive although Ephestia spp. were rather 
commonly found breeding on the surface 
of bulk stored grain. These moths were 
encountered less frequently in the south- 
ern interior region, although the rice stor- 
age moth, Aphomia gularis Zeller and the 
rice moth Corcyra cephalonica Stainton 
were found only in that area. 

Minor AND INCIDENTAL SPECIES.— 
Thirty-seven species of minor or inci- 
dental granary insects were encountered. 
Most of these were abundant only where 
grain was out of condition. Locally 
Trogoderma versicolor (Creutzer) and At- 
tagenus piceus (Olivier) may have been 
responsible for some slight damage but 
the remainder of the species are probably 
to be regarded as indicators of unsanitary 
conditions rather than as pests. 

Conc usions.—(1) There are four main 
insect pests of stored whole grain in Cali- 
fornia, the granary weevil, the rice weevil 
the Angoumois grain moth, and the lesser 
grain borer. The first is the most impor- 
tant species in northern California, the 
second in southern California. 

(2) Among the secondary species, the 
saw-toothed grain beetle, confused flour 
beetle, and rust-red beetle are common and 
almost equally widespread. The rust-red 
flour beetle and flat grain beetle become 
more abundant from north to south. 

(3) Many minor or incidental species 
are associated with grain in the state. The 
majority of these are indicators of un- 
sanitary conditions or that the grain is out 
of condition.—7-6-43. 
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Forecasting Outbreaks of the Pea Aphid on Fall-sown Annual 
Legumes in the Pacific Northwest 


L. P. Rockwoop and Max M. Reeuer,' U. 8S. D. 


su Agr. Res. Adm > 


Bureau of Entomology and Plant Quarantine 


It has been observed in the Pacific 
Northwest that following mild winters 
widespread outbreaks of the pea aphid, 
Macrosiphum pisi (Kalt.), occur on fall- 
sown annual legumes, Austrian winter 
field peas, and the vetches. These legumes 
produce seeds for the wintercover crops 
which are profitable for the Pacific North- 
west and are also important to the agri- 
culture of the Southeastern States. More 
or less detailed observations on the pea 
aphid on these crops and pertinent weath- 
er data are available for a period of 26 
years at Forest Grove, in western Oregon, 
and afford some basis for forecasting such 
aphid outbreaks. The anticipation of 
aphid outbreaks several months in ad- 
vance would enable those interested in 
these crops to make appropriate plans. 

It should be stated at once that these 
data do not apply to forecasting of aphid 
outbreaks on spring-sown peas or on al- 
falfa. It is probable that garden peas 
seeded in January or February in western 
Oregon and western Washington will es- 
“ape serious aphid damage in years when 
no extensive infestation of fall-sown leg- 
umes occurs, but peas sown later may 
develop damaging aphid populations in 
any year.? Outbreaks on alfalfa may de- 
velop from overwintering eggs of Macro- 
siphum pisi regardless of winter tempera- 
ture, as will be shown hereafter. 

Our records indicate that the minimum 
temperature for the winter is the prin- 
cipal factor determining abundance of 
aphids in the spring on fall-sown annual 
legumes, although temperature in the 
fall, precipitation at critical periods, and 
the availability of suitable host plants 
early in the fall are other factors of some 
importance. The availability of suitable 
fall host plants is indirectly related to 
weather conditions, especially to late sum- 
mer precipitation, and is directly related 
to farm practice. This factor is control- 


1 The writers are indebted to the following former associates 
whose unpublished notes have been used: Mrs. S. K. Zimmerman 
(née Sadie E. Keen), T. R. Chamberlin, Cecil W. Creel, A. C. 
Burrill, F. R. Cole, and Merton C. Lane. 

? No work was done on garden peas. The above statement was 
derived from general knowledge of local conditions over a period 
of years, acquired by experience and in some instances from 
other entomologists and growers. 


lable, and, as was shown in a previous ar- 
ticle (Rockwood & Reeher 1942), late fall 
seeding of annual legumes and elimination 
of volunteer annual legumes will greatly 
reduce spring damage by aphids to fall- 
sown annual legumes, even when winter 
conditions have been favorable to an 
aphid outbreak. 

The importance of these factors in 
western Oregon is due to the fact that 
spring outbreaks of the pea aphid on fall- 
sown annual legumes arise from partheno- 
genetic forms of Macrosiphum pisi that 
overwinter on them. Pea aphids that move 
from alfalfa or Scotch broom as winged 
forms in the spring have not been factors 
of importance in such outbreaks. 

Alfalfa is important as a host plant of 
Macrosiphum pisi during the usually dry 
months of July and August, when annual 
legumes are not available in quantity, and 
as a source of winged aphids to infest fall- 
sown annual legumes in the fall. It also 
may be an important source of aphids to 
infest spring-sown annual legumes in 
some years, especially in eastern Oregon 
and eastern Washington. 

Red clover, which develops consider- 
able populations of Macrosiphum pisi in 
this region only in the latter part of the 
spring, has not proved to be an important 
host in relation to aphid outbreaks on 
fall-sown annual legumes. Movement of 
winged M. pisi from scotch broom is prob- 
ably an important factor in outbreaks on 
spring-sown garden peas in the sea-coast 
area of the Pacific Northwest. 

Minimum Temperature.—No exten- 
sive outbreaks of the pea aphid have oc- 
curred on fall-sown annual legumes in the 
last 26 years in Washington County, 
Ore., following any winter when the 
minimum temperature registered 14 ° F. 
or below in a standard weather-instru- 
ment shelter at Forest Grove. Moderate 
outbreaks have occurred when the mini- 
mum was 18°; hence the critical minimum 
temperature is between 14° and 18° and 
the assumption appears to be warranted 
that it is approximately 15°. The length 
of the period of cold weather may also be 
important, as there is evidence that some 
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aphids can withstand considerably lower 


temperatures for brief periods. Mean 
temperature, discussed below, would be 
indicative of the length of the cold period. 
Table 1 gives temperature records for 26 
years at Forest Grove for the period Sep- 
tember to June of each crop year. 


the humidity and with the condition of 
individual aphids. The effect of low tem- 
peratures on aphids has been studied in 
detail by Wadley (1931), using Toxoptera 
graminum (Rond.). His experiments indi- 
cated that the probable low lethal temper- 
ature under controlled conditions is 10° F. 


Table 1.—Mean temperature for coldest months, minimum temperature for crop year (Septem- 
ber-June) and snow cover at time of minimum temperature at Forest Grove, Ore., 1916-42. 











Low MonTuHiy MINIMUM Snow Cover 
YEAR MEAN MontH FOR Pertop DaTE Inches 

1916-17 36.4 °F Dec 9 °F. 12/29 3.2 
‘1917-18 39.7 Feb 21 1/31 0 
1918-19 $9.7 Dec 18 1/1 0 
1919-20 30.6 Dec —15 12/12 and 12/13 15.5 
'1920-2] 39.7 Jan. 23 1/11 0 
1921-22 33.6 Jan. 12 1/18 - 
1922-23 4.6 Dec 7 12/15 4.1 
1923-24 36.0 Jan $ 1/1 1.0 
1924-25 32.8 Dec $ 12/18 and 12/19 T 
1925-26 38.8 Jan 21 1/13 0 
1926-27 37.3 Jan 3 1/21 and 1/22 5.2 
1927-28 35.6 De 14 12/31 and 1/1 2.5 and 4.3 
1928-29 $2.5 Feb t 2/7 4.2 
1929-30 24.6 Jan 8 1/21 15.0 
11930-31 37.4 Dec 19 12/30 0 
1931-32 $6.7 Jan 13 2/2 T 
1982-33 34.4 Dec 5 12/9 and 12/11 0 
1935-34 3.4 Nov 25 11/18 0 
1934-35 37.2 Jan 12 1/20 7.9 
1935-36 33.1 Feb 14 11/3 and 2/8 0 
1986-37 27.7 Jan 0 1/12 4.1 
11987-88 38.8 Jan 24 12/8, 1/6 and 1/7 0 
1988-389 38.2 Feb 18 12/18 0 
1939-40 39.8 Jan 24 12/24 and 12/25 0 
1940-41 $1.3 Jan 18 12/14 and 12/15 0 
1941-42 34.0 Jan 13 1/5 7 

Mean low monthly mean for 26 years =35.9°+ 0.8 

Median low monthly mean for 26 vears = 36.6 

Mean low monthly mean for all non-aphid years =33.9° + 0.9 


Mean low monthly mean for all aphid years = 39.7 + 0.6 
Mean minimum temperature for 26 years = 11.6°+ 2 
Median minimum teperature for 26 years = 13 


Apl id vears (wick spread outbreak on fall-sown annual legumes 


It is possible that the protection avail- 
able to the aphids in the fields, either from 
vegetation or from snow cover, may be a 
concomitant factor that should be con- 
sidered, but there has been little indica- 
tion in our records that this need be done. 
Protection would tend to be a local factor 
and might account for abundance in cer- 
tain fields in years when there is no gen- 
eral aphid outbreak.! 

The actual lethal low temperature, in- 
ducing 100 per cent mortality of vivipa- 
rous Macrosiphum pisi in the field, would 
be difficult to determine. It may vary with 


An outbreak is interpreted to mean the occurrence of count 
less millions of aphids and observable aphid damage in many 
fields The re are always some aphids on these « rops and they are 
sometimes abundant enough to cause damage locally, but the 
term “‘outbreak”’ refers to damaging numbers over a wide area 


or lower. The critical temperature, at 
which a majority of the aphids were killed 
in 10 hours, appeared to be 15°. He noted 
that aphids failed to survive low tempera- 
tures, even with means well above 32°, 
when such temperatures were prolonged. 
He also noted that small nymphs varied 
more in susceptibility to cold than did the 
other stages. Our field observations on M. 
pisi agree in general with his findings. 
Thus in the period January 6-12, 1922, 
Sadie E. Keen noted a considerable sur- 
vival of all stages of M. pisi on vetch cover 
crops after a minimum of 17° on Decem- 
ber 25, 1921, at Forest Grove. By Janu- 
ary 20, following a minimum of 12° on 
January 18, no aphids were found. A later 
examination on February 4 showed many 
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dead mature wingless parthenogenetic fe- 
males on the ground under the plants and 
a few living forms, mostly immature, on 
the plants. Aphids were subsequently 
scarce all through the spring on fall-sown 
annual legumes. On February 17, 1923, 
Miss Keen noted that many of the first- 
stage stem mothers on scotch broom had 
been killed by a minimum of 15°. How- 
ever, in December 1932 the senior writer 
noted that a small percentage of M. pisi 
(20 per cent), on the ground and in cracks 
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breaks on mean temperatures because 
they are indicative of the length of the 
cold period. The mean temperatures for 
7- or 8-day periods (4 periods to each 
month) and the precipitation have been 
diagrammed for each month, September 
to June, inclusive, for each of 26 years at 
Forest Grove. A study of all our graphs 
indicates that no extensive pea aphid out- 
break has occurred in the spring on fall- 
sown annual legumes in years when the 
mean temperature of any 7- to 8-day 
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Monthly mean temperature curves. Forest Grove. Oregon. Aphid years; 1917-19, 


1937-38. Non-aphid years: 1931-32, 1941-42 


under vetch, survived a minimum tem- 
perature of 5° without snow cover, al- 
though the host plants were killed. The 
low temperature had been accompanied 
by a drying east wind which blew day and 
night, drying up the plants and knocking 
the aphids to the ground. In this case, the 
highest percentage (30 per cent) of sur- 
vival, as indicated by movement after 4 
days in an unheated room, was among 
immature forms and only 7 to 8 per cent 
of the mature wingless parthenogenetic fe- 
males recovered. Subsequently pea aphids 
were scarce on all crops in the spring of 
1933 in the Willamette Valley. These ob- 
servations indicate that to prevent spring 
outbreaks low temperatures do not need 
to wipe out the aphid population but only 
to reduce it greatly. 

Mean Temperature.—It would be 
desirable to base forecasts of aphid out- 


period during the preceding winter reached 
or went below 32° F., except for the crop 
year 1930-31 (31.8° mean in the last 8 
days of December, with a minimum of 
19°). It therefore seems safe to assume 
that if the mean temperature for a quarter 
of a month goes down to or below 31° 
there will be no extensive outbreak on fall- 
sown annual legumes the following spring. 

Figure 1 represents the monthly mean 
temperatures for the crop years 1917-18, 
1931-32, 1937-38 and 1941-42, and the 
average mean temperatures for as far back 
as there are United States Weather Bu- 
reau records (37 to 50 years). The years 
1917-18 and 1937-38 were years of seri- 
ous aphid outbreaks, but 1931-32 and 
1941-42 were not. The graphs for 1931-32 
and 1937-38 were selected because the 
deviations from the average of the means 
are less than for other years and the 
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curves fairly smooth. Some of the curves 
for other years are quite eccentric, both 
above and below the curve of average 
means, as is indicated by the curve for 
1917-18. The graph for 1941-42 was 
selected because it shows only one im- 
portant period of subnormal tempera- 
tures. The plus departures of the curves 
from the curve of average means for the 
two aphid years are noticeable and these 
plus departures are consistent for all 
aphid years of record. The most signifi- 
cant plus departures, when all aphid years 
are considered, appeared to be in the 
winter months December and January. 
which are normally the coldest months, 
The minus departures of the curves of the 
means for the non-aphid years of 1931-32 
and 1941-42 from the curve of average 
means are also noticeable in the winter.’ 

A study of all our records (Table 1) in- 
dicates that the lowest monthly mean 
temperature in an aphid year was 37.4° F. 
(1930-31) and the highest low monthly 
mean temperature in a nonaphid year was 
39.7° in 1918-19, although the mean tem- 
perature for the first week of January 1919 
was 30.5°. However, 1918-19 appears to 
have been exceptional in respect to the 
lowest monthly mean temperature for a 
non-aphid year, as the next highest low 
monthly mean for a non-aphid year was 
37.3° in 1926-27. The critical monthly 
mean is probably near 37°. The average 
monthly mean temperature for January 
(the coldest month) in 50 years’ records is 
now 37.4°. The average lowest monthly 
mean for the 26-year period (1916-42) un- 
der consideration was 35.9°+0.8, which 
would be definitely below the critical 
mean. The average of the lowest monthly 
means in the total of 9 non-aphid years 
(with 7 years with lowest means and 
1918-19 omitted, hence with the weight 
on the plus side) was 35.8°+0.4, and the 
average of the lowest monthly means in 
all 9 aphid years was 39.7° + 0.6. The dif- 
ference, 3.9°+0.7, is highly significant. 
The average for the aphid years, 39.7° 
+ 0.6, is also significantly higher, 3.8° +1, 
than the average for the lowest monthly 
means for the last 26 years and 2.3° above 
the normal mean of January for 50 years. 

The average annual minimum tem- 
perature in the 26-year period was 11.6° 
F.+2, which is below the minimum (15°) 


1 This discussion of the curves of mean temperature re fers to 
graphs, not to the statistical analyses 
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limiting spring outbreaks of aphids on fall- 
sown annual legumes. Hence it would ap- 
pear that aphid outbreaks in this area 
would probably not be very frequent. 

Discussion.—Before the crop year 
1938-39 there had been no two consecu- 
tive years of general aphid outbreaks on 
fall-sown annual legumes during the pe- 
riod of our observations, and the aphid 
years were spaced 8 to 5 years apart. How- 
ever, in the period 1937-41 there were 
four consecutive years of general pea 
aphid outbreaks, of which the crop years 
1937-38 and 1939-40 had the largest, 
most damaging aphid populations. The 
minimum temperature for each of these 
two crop years was 24° F.; the minimum 
for each of the other two years was 18°, 
conforming to our assumption that a 
minimum temperature of 15° or above is 
required for an aphid year, an assumption 
borne out by all the previous years, both 
aphid and non-aphid, except the unusual 
non-aphid year of 1918-19, when the mini- 
mum temperature was 18°, and this crop 
year is covered by the quarter month 
mean temperature assumption (31°), as 
the mean for the first week of January was 
30.5°. It is apparent that this period of 
four successive years of aphid abundance 
was very exceptional. 

Statistical analyses of the differences in 
mean temperature between the totals of 
nine aphid and nine non-aphid years 
(selected as noted above) for each month 
showed that the difference (—0.5° for 
aphid years) in November was not sig- 
nificant; the difference for December and 
January (+4.1° for aphid years) was 
highly significant; and the difference for 
February (+2.2° for aphid years) was not 
significant. 

Similar analyses of differences in aver- 
age monthly precipitation between all 
non-aphid years and all aphid years 
showed no statistical significance for any 
month except April, when the difference 
(—1.27 inches for the aphid years) was 
significant at the 5-per cent level. That 
subnormal precipitation in the spring 
months favors aphid increase in western 
Oregon was noted during our observa- 
tions, especially in April, May, and June 
of 1918, when the deficiency of precipita- 
tion, as compared with the normal of 
1941, was —3.52 inches for the 3 months; 
and in the same months of 1938, when the 
deficiency was —3.97 inches. 
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It was observed during our investiga- 
tions that supernormal temperatures in 
October and November, especially if pre- 
ceded by sufficient precipitation to pro- 
duce abundant volunteer annual legumes 
and to stimulate early seeding of annual 
legumes, are conducive to large fall popu- 
lations of Macrosiphum pisi, usually suffi- 
cient to damage early fall-sown annual 
legumes before winter. However, in every 
“ase where such large populations occur- 
red and the temperature fell to 14° F. or 
below during the subsequent winter (as 
was noted especially in the crop years 
1921-22, 1922-23, 1926-27, 1929-30, and 
1932-33), no extensive spring outbreak 
has occurred in fall-sown annual legumes 
during the following spring. It has also 
been observed that precipitation at criti- 
cal periods in March and April of aphid 
years has stimulated the aphid fungous 
disease (usually the fungus Entomophthora 
aphidis Hoffman predominated), which 
checked outbreaks of M. pisi at a point 
where the host plants were able to recover 
from aphid injury with but little loss to 
the crops. This was notably the case in the 
crop year 1933-34, when a very severe 
early aphid outbreak was checked by fun- 
gous disease about April 1. But in 1933 
34 there would have been no spring aphid 
outbreak if the winter temperature had 
been low enough. Hence, precipitation is 
not a factor in so far as forecasting spring 
aphid outbreaks on fall-sown annual 
legumes in western Oregon is concerned, 
although it is a very important factor in 
determining the extent of aphid damage in 
an aphid year. 

We have made few observations on pea 
aphid abundance in alfalfa and sweet- 
clover east of the Cascade Mountains, 
and the data given above are not gener- 
ally applicable to that region. We do 
know, however, that outbreaks of aphids 
on alfalfa occurred in that region in the 
crop years 1917-18 and 1927-28 and aphid 
damage to peas was reported to have been 
severe in 1933-34. The United States 
Weather Bureau records for 1917-18 at 
Milton, Ore., near the affected area, 
showed a considerable plus departure from 
the normal mean temperature in October, 
November, December, and January, with 
the lowest mean (37.5° F.) in February. 
Similarly, there were remarkably high 
plus deviations from the average of the 
means for November, December, Janu- 
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ary, and February in the season 1933-34, 
with the lowest mean (42.9°) in Novem- 
ber. On the other hand, the season of 
1927-28, in which an aphid outbreak oe- 
curred on alfalfa, showed strong minus 
departures from the average of the means 
for December and January, with the low- 
est mean (29.3°) in January. The season 
1927-28 was not a year of general aphid 
abundance on fall-sown annual legumes in 
western Oregon. However, in the case of 
alfalfa east of the Cascade Mountains, the 
factor of fall oviposition of Macrosiphum 
pisi must be taken into consideration. At 
Milton in 1927 the precipitation for Sep- 
tember was much above normal and that 
for October and November was also above 
normal. This would be conducive to a late 
succulent growth in alfalfa fields, whether 
irrigated or not, provided temperatures 
were high enough to prevent severe killing 
back of the alfalfa by freezing. The 
monthly mean temperature at Milton for 
October 1927 was nearly normal but with 
no frost, and that for November was 5.6° 
above normal with no frosts severe enough 
to kill back alfalfa (minimum 28° on 
November 1). Hence large fall populations 
of M. pisi could have developed and de- 
posited large numbers of eggs from about 
October 15 through November, which is 
the usual oviposition period in the Pacific 
Northwest. 

Our observations in alfalfa fields in this 
area in the fall and spring during the pe- 
riod 1935 to 1938, inclusive, indicate that 
the aphid population on alfalfa in spring 
bears a direct relation to the fall aphid 
population, which in turn is in direct rela- 
tion to the condition of the alfalfa late 
in October. Hence, these factors—a warm 
fall preceded by supernormal precipita- 
tion in September—should be considered 
in determining bases for forecasting aphid 
abundance in an area where there is a 
considerable acreage of alfalfa. 

The data accumulated during the years 
1916 to 1942, inclusive, show that the fol- 
lowing conditions are favorable to a severe 
outbreak of Macrosiphum pisi on fall- 
sown annual legumes in western Oregon: 
Greater than normal precipitation § in 
September; above-normal temperature 
in October or November, and especially 
in December and January; and sub-nor- 
mal precipitation in March, April and May. 

Even though our data on outbreaks of 
Macrosiphum pisi east of the Cascade 
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Mountains are less adequate for forming 
such definite conclusions as have been 
drawn from those available for western 
Oregon, we would venture the following 
opinion as to conditions likely to induce 
outbreaks on alfalfa in eastern Oregon and 
eastern Washington: Precipitation con- 
siderably above normal in September, or 
late irrigation; and October and most of 
November without severe frost. Out- 
breaks are also likely to arise east of the 
Cascade Mountains on both alfalfa and 
peas, when the winter conditions are such 
(monthly means above 37° F.) as to per- 
mit survival of viviparous forms such as 
often occurs in western Oregon. 
Summary.—A study of weather records 
and field notes on Macrosiphum pisi on 
fall-sown annual legumes in western Ore- 
gon covering a 26-year period shows tem- 
perature in the winter months to be a basis 
for forecasting widespread aphid out- 


breaks on these crops. 

Aphid outbreaks have not occurred 
when the minimum temperature for the 
winter fell below 15°. On the basis of mean 
temperatures for quarter months, such an 
outbreak has not occurred when the mean 
temperature for any 7- to 8-day period 
was 31° or below. On the basis of monthly 
mean temperatures, an aphid outbreak 
has not occurred when the lowest monthly 
mean temperature was 37° or below. 

The presence of suitable host plants 
early in the fall and precipitation in Sep- 
tember and in critical periods in the spring 
are factors having considerable effect on 
aphid populations but are secondary to 
the factor of winter temperature. Above- 
normal precipitation in September and no 
killing frosts in October and most of Nov- 
ember should be taken into consideration 
in eastern Oregon and Washington, where 
there is much alfalfa.—7-19-43. 
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The Western Spotted Cucumber Beetle as a Pest of Forage 
Crops in the Pacific Northwest 


L. P. Rockwoop and T. R. Cuamperurn,! U.S. D. A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The laboratory for the investigation of 
insects affecting cereal and forage crops, 
at Forest Grove, Ore., has accumulated 
many notes on Dhiabrotica 11-punctata 
(Mann.) (D. soror Lec.) over a period of 
26 years. In view of the fact that con- 
siderable worth while information has 
been gathered, it seems desirable to make 
this available to other workers. 

This species is not specialized in its 
feeding habits, either in the adult or 
larval stages. For this reason, it is proba- 
bly one of the most difficult of Pacific 
Coast pests to deal with. 

DAMAGE TO ForAGE Crops.—Probably 
the most serious damage to forage crops 
is that caused by the feeding of the over- 

1 The writers are indebted to the following former associates, 
whose unpublished notes have been used: Cecil W. Creel, A. C. 
Burrill, Max M. Reeher, Mrs. 5. K. Zimmerman (nee Sadie E. 
Keen), and A. E. Bonn. They also wish to thank J. C. Chamber 
lin, of the Division of Truck Crop Insect Investigations, Bureau 


of Entomology and Plant Quarantine, for permission to refer to 
unpublished data secured in 1941 at Forest Grove, Ore 


wintered beetles on seedling clover just 
after the young plants have emerged from 
the ground. Whole fields seeded to red 
clover have been destroyed in March and 
early in April in all parts of the Willamette 
Valley in several years. Undoubtedly this 
pest is an important factor in causing un- 
satisfactory stands even where the seed- 
ing is not entirely lost. 

In feeding on red clover seedlings the 
beetles of this species of Diabrotica seem 
to prefer the cotyledons. One or both 
cotyledons and the plumule may be con- 
sumed. Frequently in badly damaged 
fields only the bare stems are left and 
often these are eaten level with the 
ground. In 1938 this injury was simulated 
on potted seedlings by amputations with 
scissors. It was found that the loss of one 
cotyledon had very little if any effect on 
the seedling; the loss of both cotyledons 
stunted the plants and reduced the weight 
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of subsequently well established young 
plants (87 days after seeding) by 33 per 
cent, as did also the loss of one cotyledon 
and the plumule. The loss of both coty- 
ledons and the plumule caused the death 
of 80 per cent of the plants and reduced 
the weight of the survivors about 60 per 
cent as compared with undamaged checks. 
Seedling red clover plants without co- 
tyledons and with but one tiny trifoliate 
leaf are commonly seen in the fields and 
may be caused by this injury. It is proba- 
ble that such seriously damaged seedlings 
would never make satisfactory plants. 
When beetles were caged over a thick 
stand of red clover seedlings, the seedlings 
were all killed in a few days. Red clover 
blossoms are damaged in July by the new- 
generation beetles. 

The larvae of this Diabrotica have occa- 
sionally greatly damaged or destroyed 
seedings of alfalfa in May in western 
Oregon and western Washington. In all 
such cases that have come to the writers’ 
attention the alfalfa was seeded in May 
on land not plowed or otherwise prepared 
until April or later. Alfalfa seeded in June 
on land that was well prepared in early 
spring was not damaged. 

Corn in various localities has occasion- 
ally been damaged by the larvae but not 
very seriously. Here, too, the time of 
preparation of the ground and seeding 
appears to be important, as the most seri- 
ously damaged corn is that which is earli- 
est seeded. This was especially evident in 
a field on Tualatin bottom lands near 
Forest Grove, Ore., in 1932. In this case 
a small part of the field had been seeded 
earlier than the remainder, and this part 
was damaged an estimated 50 per cent 
whereas the damage to the later sown part 
was negligible. The silk and pollen of corn 
are damaged by the new-generation adults. 

Lire History, SEASONAL History, 
AND Hasirs.—The beetles are active 
enough to move about at temperatures 
near 50° F. and show no definite inclina- 
tion to hibernate in the usual sense of the 
term. They seek shelter late in the fall, 
however, and often congregate at that 
time in certain definite spots which are 
termed “‘caches,” or “hibernation caches.” 
These caches bear some resemblance to 
the hibernation caches of some of the coc- 
cinellid beetles, especially those of the 
genus Hippodamia, but the habit of con- 
gregating in winter quarters appears to 
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be not so well developed in the case of 
Diabrotica beetles as with those of Hip- 
podamia. The writers have found a very 
few caches of D. 11-punctata beetles on 
south or southwest slopes near water, 
seepage spots, or swampy places, near 
Forest Grove and near Rickreall in Ore- 
gon. Branigan (1915) recorded that he had 
found D. soror beetles in the winter in 
great numbers in “dry weeds along a 
levee” in Yolo County, Calif. Hence this 
habit also develops in a warmer climate 
than that of the Pacific Northwest. How- 
ever, scattered beetles are often found in 
the fields all through the winter. 

Dissections of beetles from hibernation 
caches in Oregon showed that 90 per cent 
or more of them were females and that 
most of these females had been fertilized 
prior to entering the cache, as the sper- 
matheca contained spermatozoa or the 
bursa copulatrix contained sperm. 

After the winter has passed (sometimes 
as early as January or February), the 
beetles become active at temperatures 
near 50° F. but probably do not migrate 
by flight until the temperature approaches 
60°. They feed at first on succulent weeds 
near the cache, such as sow thistle (Son- 
chus), plantain, and even sorrel, but soon 
spread out, at first on foot, and feed on 
seedlings, particularly red clover cotyle- 
dons. At this time many may also be seen 
on dandelion heads and crocus blooms. 
The latter are sometimes damaged. Later 
they disperse by flight, at temperatures 
above 60°, and show a special preference 
for fields which have been recently (in 
January or February) seeded to clover. At 
this time they still show some signs of a 
gregarious instinct and, working in bands, 
they sometimes eat off all the seedling 
clover in large fields in a few days. After 
the beetles have been out of winter quar- 
ters for some time and weed seedlings 
have become abundant, the beetles scat- 
ter more and red clover is less damaged. 
Hence the damage to red clover seedings 
occurs suddenly and is soon over as the 
beetles move on to other food plants. It is 
therefore extremely difficult to combat 
damage to young clover fields since the 
damage is often complete, or nearly so, 
before it is noticed. Overwintered beetles 
are commonly swept from alfalfa, the 
vetches, and field peas in April. 

Eggs probably are laid wherever the 
beetles are feeding. They have been found 
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rarely ty us and in these cases they were 
in or near thick patches of clover or weed 
seedlings. On March 24, 1941, Arthur E. 
Bonn of Truck Crop Insect Investigations 
and the senior writer found eggs in abun- 
dance in cracks in the bare soil, a half- 
inch to an inch below the soil surface, near 
thick patches of volunteer clover seedlings 
in an old (third-year) red clover field near 
Gaston, Ore. On April 28, 1941, A. E. 
Bonn found eggs in a low, wet place in a 
field of common vetch and oats near For- 
est Grove. The eggs are usually laid in 
clusters of 4 or 5, and, in captivity, there 
are often intervals of a few days between 
ovipositions by individual females. The 
usual oviposition period is March to May, 
but doubtless some eggs are laid as long 
as any overwintered females survive, and 
a few of these may live all summer. 

In 1941 A. E. Bonn kept five females in 
the laboratory from March 10 until they 
died in July, August, and September. The 
last survivor ceased oviposition on Sep- 
tember 14, after laying 1404 eggs, and 
died on September 22. The average num- 
ber of eggs laid by these 5 females was 
1003, with a range from 745 to 1404. 
These females were fed alfaifa seedlings. 
We have observed some indication that 
the character of food of the female may 
have a considerable effect on oviposition. 
Females that were fed red clover seedlings 
in the laboratory lived long and laid many 
eggs; those fed mature leaves of clover, 
alfalfa, and vetch laid few eggs and were 
short lived. 

The incubation period of the eggs varies 
with the temperature. During April 1929, 
in stender dishes in the laboratory, the egg 
period averaged 22 days. In 1930 eggs 
hatched in 8 to 11 days at a constant 
temperature of 75° F. Doane (1897) gave 
a description of the oval, yellow (Cham- 
ois, Ridgeway) egg, which is figured by 
Chittenden (1910), and stated that the 
eggs hatched in breeding jars in about 18 
days. In the field in Oregon, in March, 
the egg period is 3 weeks or more. 

The nearly mature larva is pale yellow, 
with a dark-brown head. The larvae prob- 
ably develop on the roots of a variety of 
plants, legumes, grasses, and various 
weeds, but the host plants of the larvae 
may not be as varied as the food plants of 
the adults. Of the legumes, larvae have 
been reared through in the laboratory on 
the roots of alfalfa and to well grown lar- 


vae on red clover. Doane (1897) found 
larvae in abundance on the roots of sweet 
pea and alfalfa in California and sparingly 
on the roots of “other plants.” H. O. 
Marsh (Chittenden, 1910) reported larvae 
on peanuts in California. As large num- 
bers of beetles emerge in June and July in 
vetch fields and in fields of Austrian 
winter field peas, it seems likely that the 
roots of these legumes are also fed on by 
the larvae. It is known that larvae have 
matured on corn roots and they have been 
reared through on wheat seedlings in the 
laboratory. Larvae have also been found 
by the junior writer on the roots of canary 
grass and of Polygonum. Baker (1928) 
found larvae of Diabrotica soror on potato 
tubers in Washington State. 

In the laboratory, on wheat seedlings, 
larvae completed their development in 23 
days. The prepupal period, a nonfeeding 
stage, was 14 days, and the pupal period, 
in the soil, was 7 days. The adults re- 
mained in the soil 9 days before emerging. 
Ilence the total period, in the laboratory, 
was 75 days from newly laid egg to the ac- 
tive adult. On wheat seedlings at a con- 
stant temperature of 75° F., the period of 
larval development to prepupae was 21 to 
27 days, the prepupal period 14 to 22 days, 
and the pupal period 10 to 14 days. The 
only stage that was materially shortened 
at this higher-than-room temperature was 
the egg period. The total period from egg 
to adult at 75° was 50 to 75 days. 

In a field under vetch and oats, where 
Diabrotica 11-punctata eggs were found on 
April 28, A. E. Bonn found third-stage 
larvae from 2 to 4 inches below the sur- 
face of the soil on May 22. Later, on June 
6, pupal cells were found in the upper 2 
inches of soil, and on June 16 adults were 
found. 

Emergence of the new-generation bee- 
tles in the field has been noted as early as 
June 2 (in 1934 after an exceptionally early 
spring) and frequently by June 20. Newly 
issued beetles are most common in July. 

The summer beetles have very diversi- 
fied food habits, and the list of their re- 
corded food plants would take up much 
space. However, Sell (1915) had difficulty 
in getting beetles in captivity to change 
from one food plant to another. They ap- 
pear to be especially fond of flowers and 
pollen, and any succulent vegetation such 
as alfalfa, morning-glory, and the tender 
leaves of beans. Red clover blossoms are 
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eaten in July. The writers have repeatedly 
observed that the foliage of man-in-the- 
ground or wild cucumber, Micrampelis 
oregona, has been almost completely skele- 
tonized by the beetles in 10 days to 2 
weeks in July. Curiously enough, more 
than 90 per cent of the beetles that we 
have collected on this plant were males. 
Overwintered beetles are not attracted to 
this plant in spring (April and May). 
They also appear to be fond of sweets, as 
they have been observed on fruits of vari- 
ous kinds and eating aphid honeydew. A 
few have been taken in moth traps baited 
with fermented honey and molasses. In 
the fall, some have been observed to feed 
on slug bait—bran poisoned with 3 per 
cent of metaldehyde. In December 1940, 
53 per cent of 38 beetles collected on this 
bait died in a few days. 

Mating has been observed in August, 
September, and October. In summer field 
collections males have predominated until 
fall. Adults remain in the fields, especially 
alfalfa, until very late in the fall, and a 
few can be found all winter. 

There are indications that the seasonal 
history may vary considerably with the 
locality. Thus eggs laid in May on land 
that was overflowed in March and April 
would produce later larvae and adults 
than eggs laid in March. Such oviposition 
on a large scale was observed on May 21, 
1931, by T. R. Chamberlin on Wapato 
Lake, a temporary pond, near Gaston. 

NuMBER OF GENERATIONS.—The gen- 
eral rule, at least in the Willamette Valley 
and to the north, appears to be that there 
is but one generation a year. Dissections 
of many beetles in summer and fall 
showed little or no egg development in 
the ovaries until winter (November to 
February), although most of the over- 
wintering beetles were females that had 
been fertilized in the preceding summer 
and fall. In a few however, eggs 
have been found in summer in field-col- 
lected specimens. Beetles collected near 
Medford on July 1, 1930, laid eggs in the 


cases, 


collection vial. One female, taken near 
Forest Grove on August 2, 1929, had 
nearly full-grown eggs in the ovaries 


Besse (1937) recorded females with fully 
developed eggs in September 1935 but 
stated that prior observations had indi- 
vated but one generation in a year. A fall 
generation was indicated near Coquille, 
Oreg., on the sea coast, when the senior 
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writer collected full-grown larvae and 
pupae and noted the presence of newly 
issued adults in a cornfield on October 26, 
1916. It is possible that the parent females 
in these instances were long-lived over- 
wintered females and not new-generation 
beetles. This species is generally con- 
sidered to have more than one generation 
a year in California. 

It is possible that there may be an occa- 
sional and probably sparse second genera- 
tion in certain areas of southwestern Ore- 
gon, perhaps only locally where conditions 
are right, but this is so rare an occurrence 
that it can be disregarded in the seasonal 
history, at least in the Willamette Valley 
and to the north. It is necessary that the 
soil be moist or wet for successful migra- 
tion of first-stage larvae from near the sur- 
face to the roots. This factor would mili- 
tate against a second generation in the 
Pacific Northwest because of the usually 
dry summers. 

Factors IN Naturat ContTrRoL.— 
Physical conditions which affect Dia- 
brotica 11-punctata are deficient precipita- 
tion in spring, which is detrimental to the 
larvae because they are very dependent on 
moisture in the soil, and unusually cold 
winter weather. In December 1933 a mini- 
mum of 5° F., without snow cover, killed 
many beetles in a hibernation cache under 
observation. Such an occurrence, however, 
is rare in western Oregon. 

Celatoria diabroticae (Shim. 
mon fly parasite of the adult beetles. As 
there is but one generation of beetles in a 
year and probably several generations of 
the parasites, the effects of this parasite 
are cumulative, and may be of consider- 
able importance in natural control, even 
though the percentage of parasitized bee- 
tles may not be high at any one time. 
Arant (1929) has noted that most writers 
underestimate the economic importance 
of C. diabroticae as a natural enemy of 
Diabrotica duodecimpunctata (F.). He 
emphasized the percentage of parasitiza- 
tion of the overwintering beetles, the 
progeny of which, as larvae, cause serious 
injury to corn. Chittenden (1910) stated 
that C. diabroticae keeps the beetles of D. 
soror in check in certain seasons, appear- 
ing in great numbers in California. 

In Oregon parasitization by this tach- 


is a com- 


inid begins to be noticeable in newly 
emerged beetles collected in July. Most of 
the beetles collected at this time were 
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Table 1.—Parasitization of Diabrotica 11-punctata as shown by dissections. 











Celatoria diabroticae 
LARVAE IN BEETLES 


NuMBER OF BEeETLES 


DATE Male 
1930 
8/27— 9/2 85 5 90 6 
9/27-29 60 20 80 2 
10/20-238 13 30 43 2 
10/30-11/3 13 67 sO l 
1931 
2/13-19 2 30 $2 | 
7/18 38 7 $5 l 
9/24-10/1 108 62 170 20 
1982 
3/8 0 67 67 0 
1988 
4/5 0 +4 44 0 
1934 
7/21 47 27 74 2 
8/25 62 7 69 21 
1935 
4/6 0 100 100 0 
1938 
s/9 0 45 45 0 


Female Total Male Female Total Male Female Total 


ce ee 


TOTAL 
Para- 
SITIZATION, 
Per CENT 


MERIMITHIDS IN 
BEETLES 


8 0 0 0 8.9 
6 0 0 0 7.5 
6 0 0 0 14.0 
9 0 0 0 11.3 
10 0 2 2 $7.5 
l 0 0 0 2.2 
35 0 0 0 20.6 
19 0 13 13 47.8 
12 0 8 s 45.4 
4 0 0 0 5.4 
21 0 0 0 30.4 
$1 0 60 60 78.0! 
6 0 17 17 51.1 





Duplicate parasitization in 13 beetles 


males, but some parasitized females were 
taken. The percentage of parasitized bee- 
tles, as found by dissections, increases 
more or less steadily until April, when all 
are females. Examples of parasitization 
by this species and by mermithids are 
given in table 1. 

A considerable percentage of the adults 
are often parasitized by mermithids, as 
yet unidentified, which sterilize the para- 
sitized females and eventually kill them. 
It is likely that the extent of parasitiza- 
tion by these nematode worms varies from 
one locality to another, perhaps more than 
tachinid parasitization does. The two 
types of parasitization sometimes occur 
in one host. The total parasitization by 
both parasites combined sometimes ex- 
ceeds 50 per cent in a large collection of 
female beetles of Diabrotica 11-punctata in 
March and April, as is shown in table 1. 
Thus a majority of the overwintered fe- 
males may not be able to reproduce. 

A staphylinid beetle was observed to 
have eaten several beetles in a hibernation 
cache under plantain on November 14. 

Bryant (1912) recorded one stomach of 
a western meadowlark which contained 36 
Diabroiica soror beetles. In April 1920 we 
found the remains of D. 11-punctata hee- 


tles in the stomach of a Brewers’ black- 
bird, Scolecophagus cyanocephalus. 

The fungus Beauveria globulifera (Speg.) 
often kills many beetles in their hiberna- 
tion caches and also in the fields in fall 
and spring. More than 30 per cent of the 
female beetles collected in early spring 
sometimes die of this disease within 2 
weeks. Hence this fungous disease is an 
important factor in natural control. 

ControL.—Burning of fence rows after 
a flood on creek bottom land was tried 
with considerable success early in April 
1931 by T. R. Chamberlin and E. A. 
Reuter of Forest Grove, Ore. The flood 
waters had caused countless millions of 
Diabrotica 11-punctata to accumulate in 
the drift along the fences. Distillate oil 
was used to burn over the wet stubble in 
the drift. In January 1936 the senior 
writer dusted a smaller concentration of 
beetles on fence posts after a similar flood, 
using a 1 per cent rotenone (ground derris) 
dust with good killing effect even though 
maximum temperatures ranged near 50° 
F. at the time. In the laboratory this dust 
paralyzed the beetles and none recovered, 
although some of them, kept at tempera- 
ture of about 50°, continued twitching 
motions for 48 hours after treatment. 
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It is possible that effective measures 
could be taken against Diabrotica beetles 
that have congregated in hibernation 
aches. However, very few of these caches 
have ever been found. It would be neces- 
sary to warn farmers not to confuse ag- 
gregations of coccinellid beetles with those 
of Diabrotica, as many people do not dif- 
ferentiate between these beetles. 

Dusting of the beetles in seedling clover 
fields might be effective, but the wetness 
of the early spring would be a handicap. 
Moreover, the beetles work on the red 
clover seedlings for such a short period 
that the grower would be unlikely to dis- 
cover their presence in time to take the 
necessary control measures. There are 
also possibilities that a poisoned bait 
might be found attractive, but the same 
factors would militate against its effective 
use on red clover seedlings. Damage to 
clover seedings by the beetles could be 
avoided by seeding clover alone, or with 
rape, late in May or early in June, a com- 
mon practice in some sections of the Wil- 
lamette Valley where difficulty has been 
experienced in securing satisfactory stands 
of red clover seeded in grain fields. 

Damage by the larvae to alfalfa seed- 
ings could be avoided by early spring 
plowing of the land to be seeded, followed 
by cultivation to keep it free of weeds un- 
til seeded, and by sowing the alfalfa early 
in June. This is recommended by agron- 
omists as the best practice to insure an 
alfalfa stand in the Willamette Valley. 
It has been noticeable that all reports re- 
ceived of damage to alfalfa seedings by 
larvae of Diabrotica 11-punctata have been 
of fields seeded in May, usually on weedy 
ground which was worked up shortly be- 
fore seeding. Damage to corn could also 
be avoided by late seeding, in the latter 
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part of May, preferably following clean 
fallow for several weeks. 

The larvae of Diabrotica 11-punctata 
become established in the fields in March 
and April and cease feeding late in May 
as a rule. Hence late seeding would bring 
up the crops after the larvae had ceased 
to feed. Every case of damage by larvae to 
alfalfa or corn that has come to our atten- 
tion was caused by those which were al- 
ready in the fields at the time of seeding. 
There might be a somewhat later seasonal 
history of the beetles on land that is over- 
flowed late in the spring, but such lands 
would not be suitable for alfalfa. 

SumMARY.— Beetles of Diabrotica 11- 
punctata are destructive to seedling red 
clover soon after it comes up, and the 
larvae may damage young alfalfa and 
corn. Beetles have been found congregated 
in caches during the winter. Dispersal by 
flight begins at a temperature near 
60° F. The females are long lived and may 
lay a thousand eggs or more. The eggs 
are laid beneath but near the surface of 
the soil and hatch in 8 to 22 days. The 
larval feeding period is about 3 weeks, and 
the total period of egg to active adult is 
50 to 75 days. The roots of legumes, 
grasses, and weeds are eaten by the lar- 
vae. There is but one generation a year in 
the Willamette Valley, Ore. Most of the 
males die before winter. Deficient pre- 
cipitation in early spring, extreme cold, a 
fungous disease, and parasites of the bee- 
tles are important factors in natural con- 
trol. The beetles can be destroyed in 
hibernation caches, or in drift after floods, 
by the use of fire or by dusting them with 
1 per cent rotenone dust. Late seeding of 
clover avoids damage by the beetles and 
late seeding of alfalfa and corn avoids 
damage by the larvae.—7-6-45. 
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Commercial Pea Warehouse Tests of Fumigants Used 
Against the Pea Weevil in the Palouse Region!’ 


R. D. Etcumann, Washington Agricultural Experiment Station, Pullman 


Pea warehousemen of the Palouse? have 
been fumigating peas for fifteen years or 
more and yet there has been no investiga- 
tional work on pea weevil fumigation upon 
which to base their practices. Apparently 
the recommendations for fumigation of 
other stored products have been used. 

With the tremendous expansion in pea 
acreage brought on by the war many new 
pea warehouses have been and are being 
built. Quarantine regulations require that 
all peas be fumigated or at least that they 
contain no live weevil and so still more 
warehousemen are confronted with fumi- 
gation guesswork. These investigations 
were undertaken to aid these new men in 
particular, and eventually to work out 
dosage-exposure-temperature schedules 
for all the fumigants and fumigating 
structures in use in the Palouse. 

Most fumigation recommendations are 
based on temperatures of 70° F. and yet 
nearly all fumigation of peas in the 
Palouse is done at temperatures below 
70° F. In fact, because of the crowded 
warehouse conditions, fumigation is car- 
ried on from harvest until seeding time 
the following spring or even the year 
around in some plants. As a result, fumi- 
gation is conducted at even sub-zero tem- 
peratures. 

Procepure.—Pea weevil fumigation 
was already being conducted on a large 
scale, commercial basis in the Palouse, so 
it seemed best to check directly on these 
practices rather than to conduct prelimi- 
nary laboratory or small scale vault fumi- 
gations. Therefore, the data from these 
investigations are directly applicable to 
warehouse fumigation. Warehouses using 
liquid cyanide, dise cyanide, chlorpicrin, 
and methyl bromide were available for 
these tests.* No other fumigants are in 


' Published as Scientific Paper No. 570, College of Agriculture 
and Agricultural Experiment Station, State College of Wash- 
ington. 

2 The Palouse is a hilly prairie section that covers most of the 
extent of Whitman county, Washington. Small portions occur 
in some adjoining counties. The western edge of the correspond- 
ing counties of Idaho are also Palouse prairie. The Palouse is the 
largest dry pea producing section in the country 

+ The following made their warehouses available for these 
tests: Heglar & Mulkey, St. John: F. P. Feenan, St. John; Rogers 
Brothers Seed Company, Colfax; Mark Means Co., Lewiston, 
Idaho; F. H. Woodruff and Sons, Tekoa; Colfax Grain Growers, 
Steptoe. Their aid is gratefully acknowledged. 


general use against pea weevils in the 
Palouse. 

Sample bags containing 12 to 36 ounces 
of peas (amount depending on the per cent 
of weevily peas) were placed, for the most 
part, inside pea sacks containing 100 to 
140 lbs. of peas. The sacks containing the 
sample bags were then placed in the four 
corners of atmospheric fumigation vaults 
on the floor and on the top of the piles. 
The sacks were usually piled five high. 
Other sacks containing sample bags were 
placed in the center of the vault and just 
inside the door on the floor and on the top 
in both places. This gave a total of 12 
samples for each experiment. (Occasion- 
ally it was necessary to place the sample 
bags between sacks of peas or on the floor 
rather than inside sacks in the respective 
positiéns.) The rest of the vault was filled 
with sacks as in regular fumigation prac- 
tice. Two or three sample bags filled from 
the same lot of peas also were left in the 
warehouse outside the fumigation cham- 
ber as untreated checks for determination 
of mortality due to causes other than 
fumigation. 

Dosage, exposure period, and tempera- 
ture were recorded as well as the size of 
the room, room construction, and the 
load of sacks. After fumigation the sample 
bags were held for two weeks or more to 
allow ample time for the weevils to re- 
cover or die from the effects of the fumi- 
gant. The treated peas were stored at 
35 to 50° F. to retard weevil activity so 
that they would not leave the peas. Only 
weevils taken from peas with closed win- 
dows (Fig. 1) were used on the theory that 
they would be hardest to kill, and a 
count from them only would be more uni- 
form and more indicative of the effective- 
ness of the fumigant. Peas with closed 
windows were split with scalpels, taking 
care not to injure the enclosed weevils. 
The number of live and dead weevils were 
counted from these after the immature 
weevils had been discarded. Three lots of 
100 adult weevils each was taken as the 
sample unit, although occasionally it was 
found that there were not enough mature 
weevils in a particular lot. 
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In the fumigation of bulk peas in bins 
the sample bags were dropped at the re- 
spective places as the bin was filled. Sam- 
ple bags were placed in the four corners 
and center of the bin at both top and bot- 
tom for all positions. In addition, in some 
cases, sample bags were placed in all five 
positions when the bin was half full. The 
sample bags were collected when the bins 
were unloaded. Data on the load, dosage, 
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ture at the start of the fumigation, and 
were obtained with a mercury thermome- 
ter accurate within two degrees. Tempera- 
ture records in the vault fumigations are 
usually average or mean temperatures ob- 
tained from the maximum and minimum 
temperatures recorded on a thermograph 
which was in the vault throughout the ex- 
posure period. Occasionally it was neces- 
sary to estimate mean temperatures from 





Fig. 1.—Peas showing (A) no window, (B) closed window with weevil inside, and (C) open window with 


weevil emerged. (Photos courtesy U.S. D. A 


temperature, exposure, and size and con- 
struction of the bin were recorded as in 
vault fumigation. 

No tests were run this season on box car 
fumigation or entire warehouse fumiga- 
tion although both practices are rather 
common in the Palouse. 

The number of live weevils in the test 
bags prior to the start of each fumigation 
experiment was estimated on the basis of 
the per cent of live weevils in the un- 
treated check samples, and from the total 
count of live and dead weevils at the com- 
pletion of the test. The per cent survival 
after fumigation was then determined 
from this number and the number actu- 
ally found alive in the samples. 

In fumigation of peas for weevils, com- 
plete mortality is the only goal. Any test 
showing a survival of more than one and a 
fraction per cent was obviously a failure. 
Survival below that amount is infinitesi- 
mal because in the usual milling opera- 
tions practically all weevil infested peas 
are removed. 

Temperature records in the case of bin 
fumigation jobs are simply the tempera- 


Pea Weevil Laboratory, Moscow, Idaho.) 


mercury thermometer readings at closing 
and opening of the vault. 

Twenty-five commercial warehouse fu- 
migation experiments were successfully 
completed. Twenty-one atmospheric vault 
tests were run. The other four were bin 
fumigation jobs. 

Structures.—All the vaults used were 
of similar construction. They were usu- 
ally made of two layers of tongue and 
groove lumber with building paper be- 
tween. Some used plyboard for the inner 
layer and shiplap for the outside, however. 
The vaults used in the chlorpicrin experi- 
ments were sheet metal lined, a factor 
which is taken into consideration in evalua- 
tion of the results since it was undoubt- 
edly a more efficient structure. Doors 
were of variable construction but all 
seemed satisfactorily tight when closed as 
evidenced by only an occasional live wee- 
vil in front of the doors in the vault tests. 
Floors were made of tongue and groove 
flooring and in one case of concrete. All 
were apparently gas tight. 

The bins used in the experiments were 
crib bins. They were lined with paper and 
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vertically laid tongue and groove flooring 
with the exception of the chlorpicrin test. 
In that bin, one wall was lined with paper 
and three-ply wood. The other walls were 
considered to be satisfactorily sealed by 
adjoining bins which were full of grain. 
Disc Cyanipe Trests.—With discoid 
cyanide eight vault tests were run (‘Table 
1) with dosages of 1.14, 1.2 and 1.3 lbs 
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readily explains why weevils occasionally 
survived on the floor because cyanide gas, 
being slightly lighter than air, did not 
penetrate completely to the floor. 

The vaults used in the discoid cyanide 
experiments were 7-8 ft. in height; but in 
loading, the 100 lb. pea sacks were stacked 
only 5 or 6 high. As a result, there was 
considerable air space above the peas. 


Table 1.—Summary of 1942-43 vault fumigation tests. 








Weevits' WEEVILS 





ALIVE ALIVE SurR- 
MEAN Ex- Berore AFTER VIVAL 
Fomi- Les./1000 Temp. POSURE FumI- Fumi- PER 
GANT CU. FT. « ? Hours GATION GATION CENT REMARKS 
Discoid 1.14 35 14 2091 7 >1 6 on top. Sample bags, outside 
Cyanide sacks. 
1.14 10) 13 947 ll 1+ Sample bags, outside sacks. 
1.14 $1 12 2041 11 >1 All on floor. Sample bags, outside 
sacks. 
1.14 15 14 1234 15 1+ 12 on floor. 
1.3 53 46 1556 0 0 
1.3 57 15 1546 ] >1 On floor. 
1.2 59 15 1404 2 >1 On floor. 
:.8 62 16 1400 2 >1 On floor. 
Liquid 1.73 16 36 3463 138 10 88% on floor. 
Cyanide 1.79 SO at start 126 1288 0 0 
1.73 40 estimated 80 1404 l >1 
at start 
1.8 +3 91 1139 0 0 
Methyl 1.55 +0) 11 2000 407 20 95% on top near ceiling. 
Bromide 1.60 43 +) 1512 193 13 All on top near ceiling. 
1.85 58 17 1311 0 0 
Chloro- 3.00 12 31 13382 t >] Sheet metal lined vault for all 
picrin 2.62 28 63 1692 0 0 tests of chloropicrin. 
2.11 37 24 639 1 >1 
2.18 39 24 1188 0 0 
3.27 42 } 936 0 0 
2.62 45 24 860 0 0 
estimated 
' The number of weevils alive before fumigation was calculated. on the basis of the per cent alive in the untreated check samples. 
from the total number of adult weevils, both alive and dead, taken from the sample bags after fumigation. 
per 1000 cu. ft. Mean temperatures Liquip Cyanipe Tests.—The four tests 


ranged from 35° F. to 62° F. and exposure 
periods lasted 12 to 16 and 46 hours. In 
only the 46 hour test was every weevil 
found dead, but in only two tests did the 
per cent survival exceed one per cent and 
then only by a small fraction of a per 
cent. In nearly all cases the surviving 
weevils were found in sample bags lo- 
cated on the floor during the fumigation. 

None of the fumigation vaults used for 
any of the experiments were equipped 
with false floors or circulating fans. This 


employing liquid cyanide (Table 1) were 
performed in two fumigating vaults at one 
warehouse. Dosage ranged from 1.73 to 
1.8 lbs. per 1000 cu. ft. Mean tempera- 
tures ranged from 16° to 43° F. and ex- 
posure periods lasted 36 to 126 hours. 
Only at a mean temperature of 16° F. and 
an exposure of 36 hours did survival ex- 
ceed the one plus per cent survival toler- 
ance indicated in a previous paragraph as 
being within practical limits for satisfac- 
tory commercial fumigation. In only one 
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of the other tests did any weevils survive, 
and then only a single specimen. In the 
test that failed, 88 per cent of the sur- 
viving weevils were taken from sample 
bags that were on the floor during the 
fumigation. Here again cyanide gas did 
not penetrate to the floor. 

At the warehouse using liquid cyanide, 
small electric heaters of the type used in 
electric street railway cars were located 
near the ceiling in one of the corners of 
each of the vaults. In close proximity to 
the heater a thermograph recorded a tem- 
perature of 30° F. when started, 65° F. 
in twelve hours, and over 90° F. after 48 
hours. On another occasion maximum and 
minimum thermometers were plzced near 
the floor on the wall farthest from the 
heater. At the start the temperature was 
48° F. After the 91 hour exposure the 
maximum thermometer recorded 49° F. 
and the minimum recorded 37° F. So far 
as known the heater was functioning 
throughout the fumigation, and yet it 
failed to raise the temperature and actu- 
ally permitted a drop in the part of the 
vault farthest away. There was no circu- 
lation other than convection and the 
vault was loaded to the ceiling, 7 ft. from 
the floor. In view of these data the influ- 
ence of the heater has been disregarded 
in these tests. Even with a circulating fan 
and/or a false floor and some air space in 
the vault, it is questionable if the heater 
would have sufficient capacity to appre- 
ciably raise the temperature of a load of 
peas. 

Metuyt Bromipve Tests.—The three 
tests with methyl bromide were conducted 
in two vaults at another warehouse. A 
combination sack cleaner and exhaust fan 
was operated as a sack cleaner during a 
fourth fumigation test at this warehouse. 
As a result the gas was exhausted because 
of a damper that was not air tight and the 
experiment was ruined. 

Methyl bromide was used at dosages 
of 1.55 to 1.85 lb. per 1000 cu. ft., at mean 
temperatures ranging from 40 to 58° F., 
and for exposure periods lasting 11 to 40 
hours. Only the test using 1.85 lbs. per 
1000 cu. ft. at a mean temperature of 
58° F. for 17 hours resulted in complete 
mortality. At a mean temperature of 
43° F. and a dosage of 1.60 lb. for an ex- 
posure of 40 hours the survival was 13 
per cent. In the 11-hour exposure at 40° 
F. survival was 20 per cent. 
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Circulation was not provided in the 
methyl bromide fumigations nor in any 
of the others. In addition the vaults were 
loaded to the ceilings, 10 ft. high. All of 
the surviving weevils in the 40 hour ex- 
posure were found in top samples, and 95 
per cent of those in the 11-hour exposure 
were also from the top of the vault. Meth- 
yl bromide gas being heavier than air 
had penetrated to the floor and, due to 
lack of circulation and the fully loaded 
condition of the vault, was not dispersed 
in the upper levels. 

CHLOROPICRIN Tests.— Six tests with 
chloropicrin were run in two sheet metal 
lined vaults at still another warehouse 
(Table 1). Dosage ranged from 2.11 to 
3.27 Ibs. per 1000 cu. ft. Mean tempera- 
tures ran from 12° F. to 45° F. and ex- 
posure periods lasted 24-63 hours. All 
tests were highly satisfactory. In fact, 
four living weevils in one test and one 
living weevil in another, both well below 
the 1-per cent level, were the only sur- 
vivals. 

Two factors must be taken into consid- 
eration when comparing the results from 
this fumigant with the others. First, the 
sheet metal lined vaults provided a struc- 
ture superior to any of the others. Second, 
none of the tests were in dosage, exposure, 
or temperature ranges wherein imperfect 
control resulted as in some of the tests 
with the other fumigants, all of which 
were used at considerably lower dosages. 

On the other hand, some of the other 
fumigants did not perform satisfactorily 
at mean temperatures well above the low- 
est mean (12° F.) for chlorpicrin. 

No effort was made to obtain rapid 
volatilization or even distribution of the 
chloropicrin. The liquid was simply thrown 
over the sacks in the vault and the door 
closed. 

Considerable difficulty was experienced 
in aerating the peas after fumigation with 
chloropicrin especially at the lower tem- 
peratures. The gas could be detected in 
the peas several days after the colder tests, 
and caused irritation of the eyes and even 
nausea among workmen. 

Apparently no ill effects on germination 
resulted from the high dosage. This was 
probably because the peas were well cured 
for the 1942 harvest and had a minimum 
moisture content. Trouble might be ex- 
perienced if the per cent moisture in the 
peas was high due to rain at harvest time. 
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Bin Fumication Tests.—One test 
with discoid cyanide, two tests with meth- 
yl bromide, and one test with chlorpic- 
rin constituted the extent of tests on bin 
fumigation (Table 2). Only chloropicrin 
proved satisfactory. Bulk handling of peas 
is becoming a rather common practice in 
the Palouse, possibly hastened by the 
shortage of burlap bags due to the war. 
Therefore, it is regrettable that these tests 
were so few and the results for the most 
part negative. Perhaps the tests do offer 
some worth while information, however. 
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difference of 5 to 31 per cent in survival 
of weevils. 

Discoid cyanide was used in the same 
bin when it became evident that methyl 
bromide was unsatisfactory. The cans 
were opened and the dises placed in a 
burlap bag which was lowered into the 
bin when the peas were half loaded and 
again when all loaded. The surviving 
weevils in this case were found at the bot- 
tom and middle of the bin. As used, cya- 
nide proved inferior to methyl bromide. 

Again, as in the vault fumigations, 


Table 2.—Summary of 1942-43 bin fumigation tests. 








Weevits' WEEVILS 
ALIVE ALIVE Sur- 
Temp. Ex- Berore AFTER VIVAL 
Fumi- Las./1000 aT START POSURE Fumi- Fumi- Per 
GANT CU. FIT F. Hours GATION GATION CENT REMARKS 
Methyl 2.61 +6 24 1322 414 31 Live weevils in top of half-filled 
Bromide bin. 
2.61 50 24 2684 141 5 Live weevils in top of half-filled 
bin. 
Discoid 1.31 +9 15 752 380 50 Discs lowered in burlap sack 1 lb. 
Cyanide when half full; 23 Ibs. when full. 
Live weevils, bottom and half 
way. Bin half full. 
Chloro- 3.50 64 Normal 1144 9 >1 Seven live weevils in spout, two 
picrin dissipation on top. 
of gas, 
actually 
1056 hrs 
! The numb er of weevils alive before fumigation was calculated, on the basis of the per cent alive in the untreated check samples, 
from the total number, both alive and dead, taken from the sample bags after fumigation. 


In the two methyl bromide tests, the 
liquid was allowed to flow through a pipe 
into the top of the bin when one-fourth 
loaded, again when half full, a third time 
when three-fourths loaded, and finally 
when all the peas were in. About 80,000 
lbs. of peas were loaded in the bin for a 
fumigation. This quantity made the bin 
(10 by 10 by 46 feet) only a little more than 
half full. The bin had flooring over the 
top with a tight fitting trap door. All sur- 
viving weevils were found in sample bags 
from the top of the bins, indicating that 
methyl bromide penetrated through the 
mass of peas and settled in the lower part 
of the bin in spite of periodic applications 
as the bin was filled. The two tests were 
run in the same bin on different dates. All 
conditions were identical except for tem- 
peratures of 46° and 50° F. Apparently 
this difference in temperature made a 


chloropicrin was used at a considerably 
higher dosage than the other fumigants. 
In addition, it was used at the highest 
temperature (64° F.) of any of the tests, 
and was allowed to remain longer than 
any of the others, 44 days, since the bin 
was used as storage for the peas for that 
length of time. As a result, the gas was 
allowed to stay in the peas until exhausted 
by normal diffusion. However, the bin was 
open at the top and the peas were simply 
covered with loose fitting pieces of canvas 
and tarpaulin after the chloropicrin was 
applied. One-half the dosage was sprin- 
kled on the peas when half loaded and the 
rest when full. The bin, 12 by 10 by 15 ft., 
was loaded to within a foot of the top. 
Seven of the nine surviving weevils were 
found in the spout. Judging from the 
amount of gas that escaped below the bin, 
the spout closure was far from gas tight. 
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of the other tests did any weevils survive, 
and then only a single specimen. In the 
test that failed, 88 per cent of the sur- 
viving weevils were taken from sample 
bags that were on the floor during the 
fumigation. Here again cyanide gas did 
not penetrate to the floor. 

At the warehouse using liquid cyanide, 
small electric heaters of the type used in 
electric street railway cars were located 
near the ceiling in one of the corners of 
each of the vaults. In close proximity to 
the heater a thermograph recorded a tem- 
perature of 30° F. when started, 65° F. 
in twelve hours, and over 90° F. after 48 
hours. On another occasion maximum and 
minimum thermometers were placed near 
the floor on the wall farthest from the 
heater. At the start the temperature was 
48° F. After the 91 hour exposure the 
maximum thermometer recorded 49° F. 
and the minimum recorded 37° F. So far 
as known the heater was functioning 
throughout the fumigation, and yet it 
failed to raise the temperature and actu- 
ally permitted a drop in the part of the 
vault farthest away. There was no circu- 
lation other than convection and the 
vault was loaded to the ceiling, 7 ft. from 
the floor. In view of these data the influ- 
ence of the heater has been disregarded 
in these tests. Even with a circulating fan 
and/or a false floor and some air space in 
the vault, it is questionable if the heater 
would have sufficient capacity to appre- 
ciably raise the temperature of a load of 
peas. 

Metuyt Bromipve Tests.—The three 
tests with methyl bromide were conducted 
in two vaults at another warehouse. A 
combination sack cleaner and exhaust fan 
was operated as a sack cleaner during a 
fourth fumigation test at this warehouse. 
As a result the gas was exhausted because 
of a damper that was not air tight and the 
experiment was ruined. 

Methyl bromide was used at dosages 
of 1.55 to 1.85 lb. per 1000 cu. ft., at mean 
temperatures ranging from 40 to 58° F., 
and for exposure periods lasting 11 to 40 
hours. Only the test using 1.85 lbs. per 
1000 cu. ft. at a mean temperature of 
58° F. for 17 hours resulted in complete 
mortality. At a mean temperature of 
43° F. and a dosage of 1.60 Ib. for an ex- 
posure of 40 hours the survival was 13 
per cent. In the 11-hour exposure at 40° 
F. survival was 20 per cent. 
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Circulation was not provided in the 
methyl bromide fumigations nor in any 
of the others. In addition the vaults were 
loaded to the ceilings, 10 ft. high. All of 
the surviving weevils in the 40 hour ex- 
posure were found in top samples, and 95 
per cent of those in the 11-hour exposure 
were also from the top of the vault. Meth- 
yl bromide gas being heavier than air 
had penetrated to the floor and, due to 
lack of circulation and the fully loaded 
condition of the vault, was not dispersed 
in the upper levels. 

CuHLoRoPIcrIN Tests.—Six tests with 
chloropicrin were run in two sheet metal 
lined vaults at still another warehouse 
(Table 1). Dosage ranged from 2.11 to 
3.27 Ibs. per 1000 cu. ft. Mean tempera- 
tures ran from 12° F. to 45° F. and ex- 
posure periods lasted 24-63 hours. All 
tests were highly satisfactory. In fact, 
four living weevils in one test and one 
living weevil in another, both well below 
the l-per cent level, were the only sur- 
vivals. 

Two factors must be taken into consid- 
eration when comparing the results from 
this fumigant with the others. First, the 
sheet metal lined vaults provided a struc- 
ture superior to any of the others. Second, 
none of the tests were in dosage, exposure, 
or temperature ranges wherein imperfect 
control resulted as in some of the tests 
with the other fumigants, all of which 
were used at considerably lower dosages. 

On the other hand, some of the other 
fumigants did not perform satisfactorily 
at mean temperatures well above the low- 
est mean (12° F.) for chlorpicrin. 

No effort was made to obtain rapid 
volatilization or even distribution of the 
chloropicrin. The liquid was simply thrown 
over the sacks in the vault and the door 
closed. 

Considerable difficulty was experienced 
in aerating the peas after fumigation with 
chloropicrin especially at the lower tem- 
peratures. The gas could be detected in 
the peas several days after the colder tests, 
and caused irritation of the eyes and even 
nausea among workmen. 

Apparently no ill effects on germination 
resulted from the high dosage. This was 
probably because the peas were well cured 
for the 1942 harvest and had a minimum 
moisture content. Trouble might be ex- 
perienced if the per cent moisture in the 
peas was high due to rain at harvest time. 
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Brix Fumication Tests.—One test 
with discoid cyanide, two tests with meth- 
yl bromide, and one test with chlorpic- 
rin constituted the extent of tests on bin 
fumigation (Table 2). Only chloropicrin 
proved satisfactory. Bulk handling of peas 
is becoming a rather common practice in 
the Palouse, possibly hastened by the 
shortage of burlap bags due to the war. 
Therefore, it is regrettable that these tests 
were so few and the results for the most 
part negative. Perhaps the tests do offer 
some worth while information, however. 
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difference of 5 to 31 per cent in survival 
of weevils. 

Discoid cyanide was used in the same 
bin when it became evident that methyl 
bromide was unsatisfactory. The cans 
were opened and the discs placed in a 
burlap bag which was lowered into the 
bin when the peas were half loaded and 
again when all loaded. The surviving 
weevils in this case were found at the bot- 
tom and middle of the bin. As used, cya- 
nide proved inferior to methyl bromide. 

Again, as in the vault fumigations, 


Table 2.—Summary of 1942-43 bin fumigation tests. 





ALIVE 
Temp Ex- BEFORE 
Fumi- Las./1000 ar STarRT POSURE FumI- 
GANT CU. FT Fk. Hours GATION 
Methyl 2.61 16 24 1822 
Bromide 
2.61 50 24 2684 
Discoid 1.31 49 15 752 
Cyanide 
Chloro- 8.50 64 Normal 1144 
picrin dissipation 
of gas, 
actually 
1056 hrs 





WeeEvit_s' WEEVILS 


ALIVE Sur- 
AFTER VIVAL 








Fumi- PER 
GATION CENT REMARKS 
414 31 Live weevils in top of half-filled 
bin. 
141 5 Live weevils in top of half-filled 
bin. 
380 50 Discs lowered in burlap sack 1 |b. 
when half full; 23 Ibs. when full. 
Live weevils, bottom and half 
way. Bin half full. 
9 >1 Seven live weevils in spout, two 


on top. 





1 The numb er of weevils alive before fumigation was calculated, on the basis of the per cent alive in the untreated check samples, 
from the total number, both alive and dead, taken from the sample bags after fumigation. 


In the two methyl] bromide tests, the 
liquid was allowed to flow through a pipe 
into the top of the bin when one-fourth 
loaded, again when half full, a third time 
when three-fourths loaded, and finally 
when all the peas were in. About 80,000 
lbs. of peas were loaded in the bin for a 
fumigation. This quantity made the bin 
(10 by 10 by 46 feet) only a little more than 
half full. The bin had flooring over the 
top with a tight fitting trap door. All sur- 
viving weevils were found in sample bags 
from the top of the bins, indicating that 
methyl bromide penetrated through the 
mass of peas and settled in the lower part 
of the bin in spite of periodic applications 
as the bin was filled. The two tests were 
run in the same bin on different dates. All 
conditions were identical except for tem- 
peratures of 46° and 50° F. Apparently 
this difference in temperature made a 


chloropicrin was used at a considerably 
higher dosage than the other fumigants. 
In addition, it was used at the highest 
temperature (64° F.) of any of the tests, 
and was allowed to remain longer than 
any of the others, 44 days, since the bin 
was used as storage for the peas for that 
length of time. As a result, the gas was 
allowed to stay in the peas until exhausted 
by normal diffusion. However, the bin was 
open at the top and the peas were simply 
covered with loose fitting pieces of canvas 
and tarpaulin after the chloropicrin was 
applied. One-half the dosage was sprin- 
kled on the peas when half loaded and the 
rest when full. The bin, 12 by 10 by 15 ft., 
was loaded to within a foot of the top. 
Seven of the nine surviving weevils were 
found in the spout. Judging from the 
amount of gas that escaped below the bin, 
the spout closure was far from gas tight. 
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Discusston or Resutts.—On the basis 
of these tests, cyanide discs appear to give 
satisfactory results in vault fumigation 
at a dosage of about 1.25 Ibs. per 1000 cu. 
ft. for an exposure of 12 to 15 hours at 
mean temperatures as low as 35° F. 
Slatted false floors or a circulating fan 
should improve these conditions and make 
destruction of weevils on the floor more 
certain. Even so, overnight exposure, dos- 
age of 1.25 lbs. per 1000 cu. ft. or less, 
mean temperature as low as 35° F., and 
survival of usually less than 1 per cent, in 
peas already practically free of weevil as 
a result of gravity mill cleaning, indicate 
a fumigation procedure already commer- 
cially satisfactory. The increased benefit 
to be obtained by false floors appears slight 
to the average warehouseman since he 
believes, without trying them, that false 
floors interfere with trucking. A circulat- 
ing fan, however, is not even considered 
to be troublesome and could easily be in- 
stalled and operated. 

In crib bin fumigation, cyanide discs 
would perform much better if placed at 
the bottom of the bin, and at frequent in- 
tervals as the bin is loaded, rather than as 
used in the test. Even so, the product 
might not prove satisfactory. It was not 
designed for such use. Other cyanide ma- 
terials (liquid cyanide or preferably 
granulated calcium cyanide) should prove 
much more efficient for bin fumigation. 

The tests indicate that liquid cyanide at 
0.75 lbs. per 1000 cu. ft. is a satisfactory 
vault fumigant at mean temperatures of 
30-40° F. for exposures of 80 to 126 hours. 
Undoubtedly the minimum conditions 
were not reached because liquid cyanide 
should give results comparable to dise 
cyanide. Evidently the dosage could be 
reduced somewhat at these or higher tem- 
peratures and a greater quantity might 
have given satisfactory results in the 
16° F. test. The influence of the electric 
heaters used in these vaults has been dis- 
regarded since their ability to raise the 
temperature of the peas appears insig- 
ficant. A circulating fan, a false floor, and 
some air space at the top of the vault 
should collectively or singly improve the 
efficiency of liquid cyanide fumigation. 

Methyl bromide at 1.75 lbs. per 1000 
cu. ft. for an exposure of 17 hours and a 
mean temperature of 58° F. appears to be 
a satisfactory pea weevil fumigant for 
use in vaults. Apparently at mean tem- 
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peratures below 50° F. it is unsatisfactory 
although the tests are too few to be con- 
clusive. Lack of circulation may have been 
the principle reason for failure at the 
lower temperatures. The inclusion of a 
circulating fan plus some air space at the 
top of the room should improve the re- 
sults from this material. Difficulty was 
experienced in ejecting the gas from the 
cylinder at the lower temperatures. 

Asa crib bin fumigant methyl bromide 
appears unsatisfactory. It penetrates to 
the bottom of the bin where perfect con- 
trol is obtained, but in the upper part 
weevils survive. In a bin it is impossible to 
install means of circulating the gas so 
that this difficulty cannot be overcome. 

Delayed mortality was very evident 
after fumigation with methyl bromide. 
Upon being warmed several days after 
treatment the weevils would move but 
could not coordinate their actions. 

Chloropicrin, on the basis of these tests, 
appears to be the most versatile fumigant 
in use against the pea weevil in the 
Palouse region. In the tests reported it is 
readily apparent that the minimum condi- 
tions were not met. Every fumigation 
test was a commercial success. About 2 
Ibs. per 1000 cu. ft. for 24 hours at a mean 
temperature of about 40° F. gave satis- 
factory vault fumigation results. Three lbs. 
per 1000 cu. ft. for 30 hours at a mean 
temperature of 12° F. also gave satisfac- 
tory results. Roughly, this agrees with one 
manufacturer's “rule of thumb” schedule 
which calls for an increase or a decrease of 
0.25 lb. per 1000 cu. ft. for each decrease 
or increase in temperature of 10° F. or 
fraction thereof. It is recognized that the 
sheet metal lined vaults probably in- 
creased the efficiency of chloropicrin in 
comparison with the other fumigants. 
Neither atomization of the liquid nor cir- 
culation in the vault appears necessary 
for satisfactory results. 

The single test with chloropicrin as a 
crib bin fumigant included an extremely 
high dosage (3.5 lbs. per 1000 cu. ft.), 
high starting temperature (64° F.), and 
a prolonged exposure period (1056 hours). 
The results obtained were commercially 
satisfactory but it is difficult to make any 
generalizations from the data. Apparently 
chloropicrin will prove to be a satisfactory 
bin fumigant for use against the pea weevil 
under the fumigating conditions of the 
Palouse region. 
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SumMARY AND Conc.usions.—This is 
an investigation of pea weevil fumigation 
as commercially practiced in the dry pea 
producing section known as the Palouse 
region. In this region, fumigation is con- 
ducted at temperatures far below those 
generally recommended in fumigating 
practice. 

1. Discoid cyanide proved effective in 
vault fumigations at 1.25 lbs. per 1000 
cu. ft. for exposures of 12 to 15 hours at 
mean temperatures as low as 35° F. As 
used in bin fumigation it did not prove 
satisfactory. 

2. Liquid cyanide proved satisfactory 
at 1.75 lbs. per 1000 cu. ft. with mean tem- 
peratures of 30 to 40° F. for exposures of 
30 to 126 hours. Undoubtedly these data 
do not represent the minimum conditions 
as they should be comparable with discoid 
cyanide. At 1.75 lbs. per 1000 cu. ft. for 
36 hours at a mean temperature of 16° F. 
it was not satisfactory. 

3. Methyl bromide at 1.75 lbs. per 1000 
cu. ft. for an exposure of 17 hours at a 
mean temperature of 58° F. was a satis- 


Asparagus Miner 
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factory vault fumigant. At mean tem- 
peratures below 50° F. methyl bromide 
appeared unsatisfactory. As a bin fumi- 
gant it was also unsatisfactory. 

4. Chloropicrin was effective as a vault 
fumigant at a mean temperature of 12° F, 
with a dosage of 3 lbs. per 1000 cu. ft. 
and an exposure of 30 hours. Apparently 
the dosage can be decreased about 0.25 
lb. per 1000 cu. ft. for each 10° F. rise in 
temperature. As a bin fumigant under 
nearly optimum conditions it also proved 
satisfactory. 

5. The use of circulating fans with 
cyanide or methyl bromide ought to im- 
prove results. Fans do not seem to be 
needed with chloropicrin. False floors also 
should improve results with cyanide. 

These tests are too few to give more 
than trends and indications. Nevertheless 
they do provide some information on low 
temperature fumigation not previously 
available and they provide a working 
basis for subsequent fumigation, whether 
commercial or experimental.—8-31-48. 


Really Not a Pest’ 


R. D. Eicumann, Washington Agricultural Experiment Station, Pullman 


The asparagus miner, Agromyza sim- 
pler Loew, has become very abundant 
throughout the greatly expanded aspara- 
gus acreage of Eastern Washington during 
the past five years. Great numbers of 
miner flies have become especially notice- 
able during the cutting season, and mines 
have been found on nearly every stalk at 
the end of the season. In addition, aspara- 
gus plants over entire fields were found to 
be turning yellow prematurely in the fall 
and the presence of mines on the stalks 
indicated that the asparagus miner might 
be responsible. 

The asparagus miner appeared to be a 
pest approaching outbreak proportions. 
Accordingly the life history and habits of 
the asparagus miner were studied prelim- 
inary to developing means of control. In- 
jury to the host plant caused by mining 
was studied at the same time. These stud- 
ies were conducted at the Irrigation 

1 Published as Scientific Paper No. 558, College of Agriculture 


and Agricultural Experiment Station, State College of Wash- 
ington. 


Branch Experiment Station near Prosser 
during three summer seasons, 1940-42, 
and in addition field observations were 
made in the vicinity of Sunnyside, Pros- 
ser, Kennewick, Walla Walla, and Dayton, 
Washington. These studies never reached 
the “‘control”’ stage and revealed that the 
impending outbreak was non-existent. 
Review or Previous Work.—Barnes 
(1937) has very ably presented a discus- 
sion of published information on the as- 
paragus miner and has included a list of 
the references. He has given a detailed ac- 
count of the morphology and has included 
a discussion of parasites. The habits, life 
cycle, and seasonal abundance as observed 
at Harpenden, Hertfordshire, England, 
are also recorded. A reprint of this excel- 
lent article served as handbook during our 
observations.2 Barnes, however, failed to 
give a very adequate idea as to the dam- 
age done or the importance of the insect 
? F. A. Kirsch and Norton Wilson located at the Irrigation 


Branch Experiment Station as summer assistants, collected 
most of the detailed information for this study. 
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as a pest. According to his observations 
very little damage was done in mature 
asparagus beds, except that stems at- 
tacked by the asparagus miner appeared 
to be more attractive to attack by Lon- 
chaea flavidipennis Zett., which seriously 
damages asparagus stems in England. By 
reviewing control investigations of other 
writers and mentioning that he tested 
some of their suggestions, Barnes at least 
implied that the miner was of sufficient 
importance to require control. 

In Germany, M. Dingler* has published 
four papers which are, at least in part, 
concerned with the asparagus miner. He 
concludes that the asparagus miner is too 
rare to be considered as anything more 
than a potential pest. He does, however, 
propose a number of control measures in 
conjunction with the control: of the as- 
paragus fly Platyparea  poeciloptera 
Schrank, the larvae of which bore into the 
stems of asparagus in continental Eu- 
rope. The asparagus miner has also been 
recorded in other accounts from Germany, 
Hungary, France, and England.! 

Agromyza simpler was described from 
the eastern United States in 1869 but at 
that time was not known to feed on as- 
paragus. Sirrine (1900) was the first to 
rear the flies from puparia in asparagus 
stalks. It was he who proposed the pres- 
ent common name. He reported that the 
asparagus miner “simply works beneath 
the outer bark or epidermis and devours 
all the green portion of the plant between 
the epidermis and the bast, or wood, fiber. 
Five or six of the maggots will usually 
completely girdle a stalk ...no notice- 
able injury from its work has ever been 
detected on cutting beds . . . . Possibly the 
fact that the structure of the asparagus 
plant is such that it can withstand girdling 
much better than more woody plants ac- 
counts for the injury not being noticed.” 
Sirrine was on the right track but did not 
follow it up and reported instead, “‘con- 
siderable injury from their work was ob- 
served on seedling and newly set beds. The 
injury showed itself by the plants turning 
yellow and finally dying much earlier than 
they naturally do... .. Although the in- 
jury to cutting beds is not noticed, there 
is no doubt that the plants are materially 
weakened, later, by the attacks of this 
pest.”’ Sirrine proposes control measures 
under the heading “Remedies.” 


1For references see Barnes (1937). 
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Chittenden (1907) states that, “Until 
the year 1906 it (the asparagus miner) had 
not been recognized as doing injury to 
cutting beds...” and that “mines... 
are frequently so abundant that they have 
the effect of girdling....” He records 
the distribution as Massachusetts to Ten- 
nessee and states that it has appeared in 
California as reported in California Agri- 
cultural Experiment Station Bulletins 165 
and 172. He proposes “Remedial 
Measures” as his notes indicate an insect 
which “bids fair to become a pest of con- 
siderable importance.” 

Fink (1913) has given the most com- 
prehensive American account on the as- 
paragus miner but his study was under- 
taken “with the view of obtaining a more 
accurate knowledge of its habits and life 
history and at the same time of determin- 
ing how it can best be controlled.” He 
takes for granted that the asparagus 
miner is capable of causing considerable 
damage especially to seedlings and newly 
set asparagus beds, and further states that 
the injury, yellowing, and wilting of as- 
paragus stalks is frequently attributed to 
other causes such as wireworms, centi- 
pedes, and drought, especially by grow- 
ers. He concludes with a discussion of 
“Methods of Control” for the miner “as a 
pest to be contended with.” 

Drake & Harris (1932) have included a 
short account on the asparagus miner in 
their popular discussion of asparagus in- 
sects. They consider that injury by the 
asparagus miner is quite severe, yet un- 
noticed by growers or attributed to other 
causes. Premature wilting and yellowing 
of the stalk and foliage often resembling 
severe drought is credited to girdling of the 
stalk by the mining of the maggots. Their 
control recommendations apparently are 
based on the publications previously re- 
viewed. 

Essig (1936) refers to the asparagus 
miner as follows: “although the mines 
practically cover the entire surface of the 
stalks, little damage in commercial plant- 
ings appears co result from their attacks. 
The stalks are, however, occasionally 
killed. . . . Cutting and burning the stalks 
and winter flooding of the fields effectively 
control the insect.” 

Lire Cycie, SEASONAL History, AND 
Hasits.—Asparagus miners pass the 
winter as puparia in the mines in aspara- 
gus stalks, or stubs if the stalks are cut 
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and removed from the field in the fall. 
Volunteer asparagus in orchards and along 
roadsides provides great numbers of stalks 
for the overwintering puparia. The dark 
brown puparia are readily discerned under 
raised areas of the thin asparagus stalk 
epidermis. Often the epidermis over the 
mines is broken and reveals the puparia. 

First generation flies emerge in April 
and May. The first flies may be expected 
shortly after the first asparagus shoots ap- 
pear. The small, metallic black flies about 
3 mm. long are often seen in great num- 
bers flitting about seedling asparagus in 
the cutting beds. According to other work- 
ers there is a pre-mating period of 2 to 13 
days and oviposition occurs a day or two 
after mating. Difficulty was experienced 
in keeping the flies alive in the insectary 
so that no data were collected on these 
functions or the longevity of the flies. The 
maximum life of flies in the insectary was 
$t to 10 days. But as indicated, flies of 
the first generation were present in the 
field over a two-month period. 

Eggs are deposited just beneath the 
epidermis of the asparagus stalk at about 
the ground level. The female fly may even 
crawl down through crevices in the soil 
about the stalk in order to oviposit in the 
stalk below the ground level. Fink, quoted 
by Barnes, gives an excellent account of 
the mechanics of oviposition. The flies ap- 
parently prefer to deposit eggs in stalks 
which have grown past the cutting or 
marketable stage. 

The length of the egg stage alone was 
not determined. The time from oviposi- 
tion to pupation including three larval in- 
stars lasted 15-18 days in insectary rear- 
ings during June and July. Upon hatching 
the larvae proceed to mine in the soft, 
green parenchymous tissue, the cortex, 
just under the epidermis. Apparently they 
are unable to penetrate the lignified peri- 
cyclic fibers which lie just inside the cor- 
tex. As a result the miners do not invade 
the conductive or meristematic tissues of 
the asparagus plant which lie inside the 
woody pericycle. Remember, asparagus is 
a monocotyledonous plant. The mines 
ramify, there is no pattern, rhyme or 
reason to the direction they may go. At 
first the mines cannot be discerned but as 
the miners progress, the epidermis over 
the mines dies and becomes brown or 
transparent, often flaking off. If the mines 
are at all numerous, the stalk soon pre- 
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sents the “girdled” appearance so often 
mentioned. Actually, however, the aspara- 
gus stalk has not been “girdled” in the 
sense that the conductive tissue or cam- 
bium has been destroyed as in dicoty- 
ledonous plants. 

Pupation occurs at the end of the mine 
whether this be a foot above the ground 
or below ground level. The pupal period 
lasted 22 to 25 days in insectary rearings 
during July. 

During the summer about a month and 
a half is required for the completion of a 
life cycle. From this it was apparent that 
three generations could complete develop- 
ment during the asparagus season, April 
to October, in the Yakima Valley of Wash- 
ington. Field observations (collection of 
adult flies by sweeping asparagus at fre- 
quent intervals with an insect net and 
comparison of the number of flies col- 
lected) readily confirmed the fact that 
three generations of asparagus miners oc- 
curred during the years 1940 and 1941. 
The first generation flies appeared in 
April and May and were present in the 
field until about June 20. Second genera- 
tion flies were present from late June to 
early August. Third generation flies were 
in the field from the middie of August 
through September. 

Economic Importance.—The § great 
abundance of flies in the field and the pres- 
ence of numerous mines on nearly all as- 
paragus stalks in the fall readily gives the 
impression that the asparagus miner is an 
insect pest of serious economic impor- 
tance. Especially when entire asparagus 
fields turn yellow prematurely in late 
summer the insect is classed as a serious 
pest. 

Observations on the feeding habits of 
the maggots have shown that only the 
cortex in the basal part of the stalk is de- 
stroyed. The food and water transporta- 
tion system of the asparagus plant is not 
touched. The cortex has no vital function 
in the life process of the asparagus stalk. 
The cortex is parenchymous tissue which 
contains chlorophyl. Its sole function is 
the manufacture of food and the propor- 
tion of food produced in the lower part of 
the stalk is slight indeed compared with 
that manufactured by the rest of the 
plant. Heavily mined asparagus stalks 
may remain green until frost; whereas, a 
nearby unmined stalk may turn yellow 
prematurely. The premature yellowing of 








asparagus in late summer, and the wilting 
and dying asparagus stalks credited by 
other writers to the attack of the aspara- 
gus miner, has been credited in Eastern 
Washington to infection by Fusarium 
orysporum Schlecht by Cohen & Heald 
(1941). The fungus attacks both imma- 
ture and mature plants and is widespread 
throughout the country. 

Cohen suggested at another time (un- 
published) that the mines of the aspara- 
gus miner might serve as an entry for the 
fungus. However, this possibility seems 
rather remote. The female fly inserts the 
egg beneath the epidermis on an exposed 
portion of the stalk, and although the 
puncture may be below the ground level 
it is not in direct contact with the soil. 
The maggot in mining does not break the 
epidermis. It is a closed mine. The dead 
epidermis may slough off but by that time 
the tissue cut by the miner has had time 
to become calloused. Six weeks after the 
egg is laid the fly emerges from the pupa- 
rium in the mine and breaks the epidermis 
to escape to the outside. The fly emerges 
three weeks or more after the cessation 
of feeding by the maggot so again the 
tissue has had ample time to become cal- 
loused before the epidermis is broken. It 
seems that normal harvesting and cultiva- 
tion practices which cut the stalks and 
crowns, afford the avenue of entry for the 
Fusarium rather than the asparagus 
miner. 

At no time in our observations was it 
possible to associate asparagus miner in- 
jury with dead or dying asparagus stalks. 
Nor was it possible to associate asparagus 
miner injury with reduced yields of as- 
paragus. However, since the plant is pro- 
viding food for the insect, some reduction 
in yield or length of life of the plant must 
occur, although it is probably very slight. 
The loss could only be determined by crop 
yield and miner infestation records 
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throughout the 15-year life of several as- 
paragus plantings. The loss, to all gross 
appearances, is so slight that such a study 
would be a waste of time and money as 
asparagus production is already the most 
lucrative crop for truck growers in eastern 
Washington even in spite of Fusarium in- 
fection. Further, there are many impor- 
tant truck crop insect pest problems which 
do require attention. 

SUMMARY AND Conciusions.—In spite 
of its abundance as an insect feeding on 
asparagus, the asparagus miner appears to 
be of no economic importance in eastern 
Washington. 

In other regions the asparagus miner 
has been accused of causing yellowing, 
wilting, and dying conditions in aspara- 
gus. This damage has recently been 
credited to infection by Fusarium oxry- 
sporum Schlecht in eastern Washington. 
In addition the miner has been suspected 
of opening an avenue of entry for the 
Fusarium, but its importance in this re- 
spect is slight compared with plant in- 
juries caused by cultivation and harvest- 
ing. 

The asparagus miner produces no seri- 
ous effect on the asparagus plant exacting 
only a slight toll in the food it consumes 
while mining the cortex tissue. Since the 
injury is so slight and apparently has no 
effect on the economics of asparagus pro- 
duction, the cost of determining the exact 
amount of injury is not warranted in view 
of more pressing wartime insect control 
problems. 

The asparagus miner will no longer be 
considered as an asparagus insect pest in 
Washington. It requires no control. Other 
investigators would do well to take cog- 
nizance of this fact and actually determine 
the economic importance of the insect be- 
fore recommending or suggesting control 
measures which date back as much as 40 
year.—7-1-43. 
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Aphid Increase and Plant Injury Following the Use of 
Calcium Arsenate on Peppers 


Joun C. Etmore and Roy E. Camppe tt, U.S. D. A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


An increase in the numbers of aphids 
following the use of certain materials on 
plants to control insect pests other than 
aphids has been commonly noted for 
many years. Folsom (1927) reported a 
marked increase in the populations of the 
cotton aphid, Aphis gossypii Glov., fol- 
lowing the use of calcium arsenate for boll 
weevil control. It has also been shown 
(Moore 1935) that the potato aphid, 
Macrosiphum solanifolii (Ashm.), increases 
in abundance on potatoes that have been 
sprayed with bordeaux mixture. When 
calcium arsenate was first used on peppers 
in 1928 as a control for the pepper weevil, 
Anthonomus eugenii Cano, the green 
peach aphid, Myzus persicae (Sulz.), be- 
‘ame so numerous that it caused serious 
damage to the crop. Heavy aphid infesta- 
tions on peppers that year were observed 
adjacent to roads where much road dust 
had drifted in. As a result of these experi- 
ences pepper growers were cautioned (El- 
more et al. 1934) that aphid infestations 
could be expected following the continued 
use of calcium arsenate, especially when 
treatments were begun early. Although 
calcium arsenate has been used success- 
fully to combat the pepper weevil on 
peppers in some seasons without causing 
serious aphid infestations, its use during 
the last four seasons (1939 to 1942) has 
usually resulted in marked increase in 
aphid abundance and subsequent plant 
injury. 

Rainwater & Bondy (1941) experi- 
mented on the control of the cotton aphid 
by adding aphicides to the insecticides 
used for boll weevil control. Derris and 
nicotine were each added to calcium ar- 
senate, and derris was also added to 
eryolite and to barium fluosilicate. The 
aphicides in each case reduced the aphid 
population. The derris-calcium arsenate 
combination, especially, caused a marked 
decrease in aphid abundance as compared 
with calcium arsenate alone. 

This led the authors, in the control ex- 
periments on the pepper weevil in 1941, to 
try the derris-calcium arsenate combina- 
tion as well as a derris-cryolite combina- 
tion to prevent the development of the 


aphids.' In the area where the plots were 
located, San Juan Capistrano, Calif., the 
aphid population was low throughout the 
year, the highest being five aphids per leaf 
in the calcium arsenate plots, and here no 
damage was caused. The aphid popula- 
tion was materially less, however, in 
plots where the derris was added to the 
valcium arsenate or cryolite. In other 
areas, in commercial fields treated with 
the derris-cryolite combination, there was 
no material increase in aphid abundance, 
but in the fields where calcium arsenate 
was used, with or without derris, there 
was a considerable increase in aphid 
abundance, which caused severe plant in- 
jury and defoliation. 

In 1942, further experiments were con- 
ducted to compare the effectiveness of 
various aphicides when combined with 
calcium arsenate or cryolite. 

MaTeRIALS AND Metnops.—Cryolite 
diluted with tale so that the final dust 
mixtures contained 50 and 70 per cent of 
sodium fluoaluminate,? respectively, were 
used alone and in combination with 
rotenone-bearing powder, with pyre- 
thrum, and with free nicotine. Calcium 
arsenate undiluted was used in the same 
combinations. The rotenone combinations 
were obtained by mixing enough of a der- 
ris powder with the cryolite or calcium 
arsenate to impart 0.5 per cent of rotenone 
to the final mixture. The pyrethrum com- 
binations were obtained by impregnating 
the dust materials with enough pyre- 
thrum extract to impart 0.1 per cent of 
total pyrethrins to the final mixture. The 
nicotine combinations were obtained in a 
similar manner so that the final mixture 
contained 1 per cent of nicotine. 

Peppers grown in coastal regions of 
California are subject to frequent fogs and 
heavy drew. Three pepper fields in one 
area were used in these experiments, one 

! The use of rotenone-containing insecticides is restricted by 
War Production Board Conservation Order No. M-133, insofar 
as insects affecting vegetables are concerned, to the following 
purposes: On peas, for protection against the pea weevil and the 
pea aphid; on beans, for protection against the Mexican bean 
beetle; and on cole crops other than cabbage, including broccoli, 
brussels sprouts, cauliflower, kohlrabi, mustard, kale, turnips, 
and collards, for —- against caterpillars and aphids. 


3 Percentages of cryolite given here and hereafter in this paper 
refer to percentages of sodium fluoaluminate. 
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of a common pungent variety known as_ and the same plants were picked to ob- 

California chili, one of Spanish paprika, — tain yield data. 

and one of Hungarian paprika. Each field Aphid abundance was determined by 

was divided into 72 plots of 0.02 acre each, counting the numbers of aphids per leaf 

arranged in 6 randomized blocks, each 3 on one selected leaf from every fifth plant 

plots wide by 4 long. The experimental de- __ in the five central rows of each plot, mak- 

sign was the same in all the fields, except ing a sample of 25 leaves per plot. The 

that in one field mill-run cryolite, 50 per number of aphids per leaf was used as the 

cent and 70 per cent, respectively, was index of aphid abundance. 

substituted for 2 of the calcium arsenate The data were analyzed by the method 

treatments. of analysis of variance as an aid to proper 
All materials were in dust form and interpretation. 

were applied with rotary hand dusters. Resutts.— Table 1 shows a summary of 


Table 1.—Degree of pepper weevil infestation, number of aphids, degree of plant injury, and yield 
of paprika in one field, following applications of various insecticide combinations for pepper weevil 
control, Remmers Ranch, San Juan Capistrano, Calif., 1942. 





Pops AVERAGE PLots SHowrna Various Yrevp 
INFESTED (APHIDS Decrees or Piant INivry Pops PER per AcRE 
INSECTICIDE sy Weevits rex Lear l ‘ PLANT Green Weiaut 
Per Cent Number Number Number Tons 
Cryolite 50% 1.0 9.0 6 21.5 10.5 
Cryolite 506°, rotenone 0.5% 2.5 7.3 6 19.2 9.2 
Cryolite 50°%, pyrethrins, 0.1% 4.5 7.7 6 22.8 10.2 
Cryolite 50%, free nicotine 1.0% 2.2 6.3 6 21.3 10.0 
Average 2.5 7.7 21.2 10.0 
Cryolite 70% 0.3 11.8 6 21.7 10.4 
Cryolite 70%, rotenone 0.5% 1.2 7.5 6 22.7 10.6 
Cryolite 70%, pyrethrins 0.1% 0.8 10.2 ts 21.2 86 
Cryolite 70%, free nicotine 1.0% 2.0 8.0 t 22 8 10.5 
Average 1.1 9.4 22.1 10.0 
Calcium arsenate 0.8 4.5 6 19.3 6.5 
Calcium arsenate, rotenone 0.5% 1.0 13.8 8 20.5 7.6 
Calcium arsenate, pyrethrins 0.1% 0.7 3 6 24.1 9 
Calcium arsenate, free nicotine 1° 0.7 7.7 1 5 22.4 8.2 
Average 0.8 18.8 21-¢ 8.1 
Amount required for significant differ 
ence at odds of 19 to 1 es Bet 4.5 2.2 +.4 2.1 2.3 1.2 





. No injury. 

. Heavy sooty mold fungus 

. Plant injury, some defoliation and pod shriveling 

. Severe plant injury, much defoliation and pod shriveling. 


ene 


The regular treatment schedule called for conditions in the Spanish paprika field at 
seven applications at 7-day intervals, but harvest. The aphid population was greater 
it was thought best to make an eighth ap- _ in this field than in either of the other two. 
plication 10 days later in one field, and The aphid population was significantly 
16 days later in another, to protect un- higher in the plots treated with only cal- 
usually late pods. The first application cium arsenate than in those treated with 
was made when the first pods began to set only cryolite. Plant injury in all calcium 
and the last when all but a few of the late arsenate-treated plots was severe. This 
pods were mature. Approximately 15 injury was at first thought to be due en- 
pounds of the dust mixtures per acre were _ tirely to aphid abundance, but further ob- 
used at the first application, with a grad- servation revealed that the degree of in- 
ual increase to 20 pounds per acre at the jury was not entirely consistent with the 
last application. number of aphids per leaf. For example, 

The degree of pepper weevil infestation some of the calcium arsenate plots were 
was determined by examining all the pods no more heavily infested than some of the 
on five plants selected systematically in  cryolite plots, yet all the calcium arsen- 
each plot. The seventh and fifteenth ate-treated plants were damaged, while 
plants in the third and fifth rows and the none of the cryolite-treated plants were 
eleventh plant in the fourth row were injured. Plant injury was also reflected 
examined for weevil infestation records, in yield per acre. Although there is a sig- 
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nificant difference between the results 
with cryolite and those with calcium 
arsenate in the number of aphids per leaf, 
the significant difference in yield between 
the cryolite and calcium arsenate plots 
cannot be attributed to aphid damage 
alone. For example (Table 1), there is no 
significant difference in aphid population 
between 70 per cent cryolite used alone 
and calcium arsenate-derris dust, but in 
crop yield there is a significant difference 
in favor of cryolite alone over calcium 
arsenate-derris. Differences in weight were 
due to premature pod shriveling because 
of plant injury. 


Table 2.—Degree of pepper weevil infestation, 
and number of aphids following application of 
various insecticide combinations for pepper 
weevil control. Summary of three fields, Rem- 
mers Ranch, San Juan Capistrano, Calif., 1942. 





Pops 
InrestepD AVERAGE 
BY APuHIps 
INSECTICIDE Weevits per Lear 
Per Cent Number 
7.0 


Cryolite 50°; 
Cryolite 50°, rotenone 0.5% 5.3 
Cryolite 50°), pyrethrins 0.1% 6.0 
Cryolite 50°, free nicotine 1.0% 5.4 
Average 2.0 5.9 
Crvyolite 70 7.6 
Cryolite 70°,, rotenone 0.5 6.1 
Cryolite 70°), pyrethrins 0.1% 7.2 
Cryolite 70°), free nicotine 1.0°, 6.0 
Average 1.1 6.8 
Calcium arsenate 21.2 
Calcium arsenate, rotenone 0.5‘ 12.7 
Calcium arsenate, pyrethrins 0.1 16.0 
Calcium arsenate, free nicotine 1.0 14.8 
Average 0.7 16.2 
Amount required for significant differ 
ence at odds of 19 to 1 0.8 2.2 1.3 





Since there were no untreated plots in 
the field to cause reinfestation of treated 
plots, the degree of pepper weevil infes- 
tation was low. On the basis of percentage 
of pods infested by the pepper weevil 
there were no appreciable differences in 
the degree of effectiveness of 70-per cent 
cryolite and calcium arsenate, but each of 
these materials was more effective than 
50-per cent cryolite. 

The results of treatment in all three 
fields are summarized in table 2. The 
yield per acre is omitted from this table 
because much of the crop in one field was 
picked for the green market. In all three 
fields aphids were significantly more 
abundant in calcium arsenate-treated 
plots than in cryolite-treated plots, re- 
gardless of any aphicides used. The 


cryolite-aphicide combinations caused no 
significant decrease in aphid abundance 
compared with cryolite alone. Derris-cal- 
cium arsenate was slightly more effective 
than nicotine-calcium arsenate or pyre- 
thrum-calcium arsenate in aphid control, 
and all these reduced the aphid popula- 
tion as compared with calcium arsenate 
alone. The number of aphids per leaf in 
the derris-calcium arsenate-treated plots 
was 40 per cent less than in the calcium 
arsenate-treated plots, but plant injury 
was severe following both treatments. 
Pepper weevil control was about the same 
in all fields, in that calcium arsenate and 
70-per cent cryolite were about equally ef- 
fective and both significantly more effec- 
tive than 50-per cent cryolite. Plants 
treated with calcium arsenate showed a 
typical kind of injury characterized by 
defoliation and pod shriveling, yet no 
injury of the same type was observed in 
cryolite-treated plots. Chemical injury to 
leaves was observed in calcium arsenate 
plots in some cases. 

In comparing the effect of cryolite and 
calcium arsenate on the number of aphids 
per leaf with the degree of plant injury, 
several things are definitely shown (Table 
3). Almost half the cryolite plots had less 
than six aphids per leaf, while all the cal- 
cium arsenate plots had more than six 
aphids per leaf. No definite plant injury 
occurred in any of the cryolite plots, while 
80 per cent of the calcium arsenate plots 


Table 3.—Number of aphids per leaf compared 
to degree of plant injury in three pepper fields 
following the use of various insecticide combina- 
tions for pepper weevil and aphid control. San 
Juan Capistrano, Calif. 1942. 





Cryrowite PLots Catcium ARSENATE PLots 
Plots Showing Plots Showing 


APHIDS Various Degrees Various Degrees 
PER Fre- of Plant Injury! Fre- — of Plant Injury! 
LeaF quency l 2 $ 4 queny 12 S$ 4 


Number 


Number Number Number Number 
lto5 77 77 0 

6 19 19 l 

7 18 18 1 l 

8 il 10 1 2 2 

i) 13 10 3 2 2 

10 s 8 6 2 4 

ll 4 4 4 l 3 

12 1 1 5 4 1 

13 2 2 5 1 4 

l4 l 1 + 4 

15 1 l 6 l 5 

16 1 l 4 3 l 
17 to 32 0 0 20 2 10 8 
Total 156 152 4 60 212 37 9 





11. No injury. 
2. Heavy sooty mold fungus. 
3. Definite plant injury, some defoliation and pod shriveling. 
4. Severe sina injury, much defoliation and pod shriveling. 
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showed definite to severe plant injury. 
Moreover, as the number of aphids per 
leaf increased in the calcium arsenate 
plots, there was a definite tendency for 
the degree of injury to increase. From 
these data it would be possible to conclude 
that the aphids were entirely responsible 
for the damage in the calcium arsenate 
plots. However, previous data (Table 1) 
showed that certain cryolite and calcium 
arsenate plots with nearly the same aphid 
populations had these same differences in 
injury, so the damage and lower yield in 
the calcium arsenate plots can be at- 
tributed largely to insecticidal burning. 
With these conflicting data, it is safe to 
conclude only that calcium arsenate dam- 
aged the plants, and that this damage was 
most severe when the aphid populations 
were high. 

Summary.—The use of calcium arse- 
nate to control the pepper weevil on pep- 
pers has caused increases in the aphid 
populations. Tests were made with aphi- 
cides in an attempt to prevent the aphid 
increase. In 1941, after the use of cryolite 
and one brand of calcium arsenate, alone 
and in combination with derris, the aphid 
population did not greatly increase in ex- 
perimental plots, and no damage was 
caused, but in commercial fields in other 
areas where calcium arsenate or derris- 
calcium arsenate combinations were used 
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there was a rapid increase of aphids and 
subsequent plant injury and defoliation. 
In 1942 calcium arsenate undiluted and 
50- and 70-per cent cryolite were used 
alone and in combination with derris, 
pyrethrum, and free nicotine so that the 
final mixtures containined 0.5 per cent of 
rotenone, 0.1 per cent of total pyrethrins, 
and 1 per cent of nicotine, respectively. 
These materials were applied to three pep- 
per fields, each arranged in six 3 by 4 
randomized blocks. On the basis of per- 
centage of pods infested by the pepper 
weevil there were no appreciable differ- 
ences in the degree of effectiveness of 70- 
per cent cryolite and calcium arsenate, 
but each of these materials was more effec- 
tive than 50-per cent cryolite. Aphids in- 
creased much less in the cryolite-treated 
plots than in the calcium arsenate-treated 
plots. The aphicide materials all had some 
effect in retarding aphid increase, but 
when they were used with calcium arsenate 
this retarding effect was not enough to 
prevent serious aphid infestations. Plant 
injury did not follow the use of cryolite, 
nor was it due to the aphids. There appar- 
ently is an interrelationship between the 
abundance of aphids and calcium arsenate. 
A marked aphid increase is likely to follow 
the use of calcium arsenate, and the com- 
bination of calcium arsenate and aphids 
causes plant injury to peppers.— 6-28-43. 
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A Bit or EntTomMoLoacicat History 


Mr. A. F. Burgess, commenting on the obituary 
notice for Dr. Felt appearing in this issue of the 
Journal wrote, as follows: “At the ninth Annual 
Meeting of the Association August 1897, Dr. W. E. 
Britton, Dr. E. P. Felt and myself were among the 
active members elected. The tenth annual meeting 
was held in Boston and the three new members men- 
tioned above attended and presented papers... . 


Throughout the years which followed it has been my 
privilege to know Dr. Felt and Dr. Britton and to 
understand the outstanding contributions which 
they made ....” We are indeed fortunate to have 
the obituary notice prepared by one who knew Dr. 
Felt so intimately and was able, better than any one 
else, to appreciate his services to the Association 














Studies on Body Fluids of Seven Orthopterans, Their 


pH, 


Buffering Capacity, and Effect on Solubility of 
Fractionated Insecticides' 


Ex_tswortnu Hastines and J. H. Pepper, Montana Agricultural Experiment Station, Bozeman 
{ Pp 


The severe and widespread outbreaks 
of grasshoppers and Mormon crickets dur- 
ing the past decade have resulted in an 
enormous increase in the quantities of 
insecticides used for their control. A natu- 
ral outgrowth of such a condition is a de- 
mand on the part of the control agencies 
involved for a more detailed knowledge of 
the specific actions and behaviors of the 
insecticides under the conditions in which 
they are normally employed. This situa- 
tion resulted in the initiation of many 
short-time projects whose objectives were 
the obtaining of information which would 
have immediate appolication in field con- 
trol operations. By their very nature 
these investigations could only be con- 
sidered as preliminary, thus leaving many 
of the basic problems still unsolved. The 
question of the physico-chemical behavior 
of the active ingredients in a dust or in a 
bait, when such ingredients are employed 
in the solid or particulate forms, con- 
tinues to be the subject of much discus- 
sion and is important both from the stand- 
point of effective control and cost of ma- 
terials. It is a subject upon which only in- 
formation of a fragmentary nature has 
been obtained. 

Any insecticide, when used in the solid 
form, must first go into solution before it 
can become effective. Only in this state 
will it comply with the forces of diffusion, 
permeability, ete. which govern its move- 
ments into the various tissues of the in- 
sect. Once the insecticide is ingested by 
the insect, the problem then resolves itself 
to the factors affecting its solubility as it 
passes through the digestive tract. This 
problem divides itself into two parts, 
namely; that dealing with the solvent ac- 
tion of the digestive juices, and that hav- 
ing to do with the physical and chemical 
nature of the insecticide under study. 

This work was instigated to obtain in- 
formation relating to the solvent action 
of the digestive juices and to study the ef- 
fects of one physical property of the insec- 
ticide, vis; that of particle size in relation 


‘ Contribution from Dept. Zool. and Ent. No. 181 Mont. Agr. 
Exp. Sta., Bozeman, Montana. 


to its solubility in the juice. 

The first part of this paper will deal 
with studies made on the digestive juices 
obtained from several species of Orthop- 
tera. The last part will concern itself 
with the relationship of particle size of 
several arsenicals as well as sodium fluo- 
silicate to their solubilities in these juices. 

The solubility of an insecticide may be 
markedly affected by the nature of the 
material in which it is being dissolved. 
Where the solvent is a pure substance its 
specific action alone will be the determin- 
ing factor but when it contains other ma- 
terials in solution, suspension, or in the 
colloidal state, its solvent action for a 
particular compound may be changed 
considerably. The acidity or alkalinity of 
a soivent is likewise known to have a 
marked effect on its behavior toward a 
given material. 

In passing through the alimentary canal 
of both crickets and grasshoppers an in- 
secticide will first come into contact with 
the digestive juices contained in the crop 
or fore gut. According to Wigglesworth 
(1934) in the case of Orthoptera the crop 
contains, in addition to salivary secre- 
tions, digestive juices which are passed 
forward from the mid-gut. In addition to 
these juices, the crop also contains par- 
tially digested food, various salts in solu- 
tion (see Bishop et al. (1925), Swingle 
(1930), and Pepper et al. (1941)) as well 
as proteins and other colloidal materials. 
From the crop it passes into the mid-gut 
where further solution and absorption 
takes place. 

One of the factors affecting the solubil- 
ity of the insecticide in the alimentary 
tract would be the hydrogen ion concen- 
tration of the digestive juices. Working 
with a series of arsenicals Pepper & 
Green? (1934) found that each member of 
the entire series showed a minimum solu- 
bility in distilled water at its normal pH. 
This is the pH of a saturated solution of 
the arsenical in distilled water. They fur- 
ther found that the solubility increased 
very rapidly on either side of its normal 


? Unpublished data, Montana Agr. Expt. Sta., Bozeman, 1934. 
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pH when the arsenical was placed in a 
strongly buffered solution. Materials hav- 
ing an acid reaction became increasingly 
scluble as the buffered solution was made 
more basic, and those having a basic reac- 
tion became more soluble as the buffers 
were made more acid. Swingle (1938) 
found that the formation of soluble arsenic 
from acid lead arsenate, calcium arsenate, 
and magnesium arsenate was largely de- 
pendent on the hydrogen ion concentra- 
tion of the solution. He further states that 
“it appears possible to predict the rela- 
tive order of toxicity of acid lead arsenate, 
calcium arsenate, and magnesium arse- 
nate to chewing insects, if the hydrogen ion 
concentrations in the insects’ mid-guts 
are known.” 

Skrjabina (1936) found that varying 
toxic effects of certain insecticides could 
be theoretically accounted for by the fact 
that for different pH values there occur 
differences in solubility, degree of dis- 
sociation, hydrolysis and other properties 
of the material. 

Marshall (1939) points out that the 
acid or basic characteristics of the inter- 
nal environment of the codling moth larva 
may have a practical bearing on the con- 
trol of the insect by alimentary poisons. 

A measure of the normal reaction of the 
digestive juices may then serve as a valu- 
able index of their power to dissolve a 
given insecticide. A measure of the nor- 
mal pH alone, however, is of limited value 
since it gives no indication of the solu- 
tion’s power to resist changes in reaction 
upon the addition of either an acid or a 
basic substance. A measure of its buffer- 
ing capacity, which is a measure of its 
power to resist changes in pH, will fur- 
nish the required data. In a similar way 
such data on the blood of an insect will 
reveal its power to withstand changes in 
pH when small amounts of acid or basic 
substances come in contact with it. Pre- 
liminary experiments have demonstrated 
that when micro-injections of very dilute 
acid or base are made into the blood 
stream of the Mormon cricket, death re- 
sults immediately. 

Hoskins & Harrison (1934) measured 
the reaction and buffering capacity of the 
contents of the ventriculus of the honey- 
bee. They found the normal pH to be 6.3 
and that maximum £6 values of approxi- 
mately 0.095 and 0.03 occurred at pH 
values of 4.15 and 6.8 respectively. Craig 





Vol. 36, No. 6 


& Clark (1938) measured the normal pH 
and buffering value of the blood of larvae 
of Pieris rapae (L.) and Heliothis obsoleta 
(F.). They found that the caterpillars in 
the last instar gave a definitely more alka- 
line reaction than those in the next earlier 
instar, the values being 7.17 for the last 
instar and 6.9 for those next to the last 
instar in Pieris, and 7.23 and 6.79 for the 
comparable stages in Heliothis. They fur- 
ther state that no single definite buffer 
system was evident on the buffer value 
curves but that a general buffer effect was 
shown in the region of pH 4 to 7.5, which 
they suggest was probably due to the 
composite effect of the salt buffers of this 
range, and the plasma proteins. 

Babers (1941) measured the buffer 
capacity of the blood of the sixth instar 
southern armyworm, Prodenia eridania 
(Cram.), and found a 8 value of 0.022 at 
pH 6.65, the normal reaction of the 
blood. He attributed the buffering power 
of the blood to the presence of bicarbon- 
ates, phosphates, urates, and salts of the 
proteins, as well as the phosphorous-con- 
taining organic compounds and the amino 
acids (Babers 1938). 

Pepper et al. (1941) studied the buffer- 
ing capacity of the blood and digestive 
juices of the Mormon cricket, Anabrus 
simpler (Hald). and concluded that at 
neither the normal pH of the blood, 7.23, 
nor of the digestive juices, pH 5.17, was 
a maximum value for 8 evident. They 
found that both the blood and the diges- 
tive juices had low buffering indices at 
their normal pH values and could not 
designate any particular buffer system as 
being responsible for the effects shown. 

In the present study six species of grass- 
hoppers, namely, Melanoplus bivittatus 
(Say), M. mexicanus (Sauss.), M. differ- 
entialis (Thom.), M. packardi (Sc.), Dis- 
sostetra carolina (L.), and Brachystola 
magna (Gir.) are included. Isely (1938) 
has shown that many species of grass- 
hoppers have very definite host prefer- 
ences and further, that many of them can- 
not even subsist on green vegetation other 
than within their limited host range. Such 
a condition leads to the belief that dif- 
ferences might occur in the reaction of the 
digestive juices in the various species. For 
this reason B. magna, whose preferred 
hosts differ widely from those of the other 
five species, was included in the study. 

Both the blood and the regurgitated 
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digestive juices were collected in a man- 
ner similar to that described by Pepper et 
al, (1941). This material was obtained by 
holding a small vial under the mouth 
parts and collecting the regurgitated con- 
tents. 

For the pH and buffering capacity de- 
terminations approximately 3 ml. of juice 
were collected, centrifuged in order to re- 
move any solids which might be present, 
and the measurements made immediately 
on 2 ml. portions using a Cameron pH 
meter with a semi-micro glass electrode. 
All of the determinations were made in 
duplicate. 

The blood was obtained from the adult 
grasshoppers by puncturing the dorsal 
intersegmental membrane and collecting 
the exuded drops in a capillary tube. Ap- 
proximately 3 ml. were thus collected and 
centrifuged to remove the clots and a 2 
ml. portion of the serum used for the de- 
terminations which were made in dupli- 
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Fig. 1.—Titration curves for the regurgitated di- 


gestive juice of the species of grasshoppers listed 


cate. As was pointed out by Pepper et al. 
(1941) this method of handling the blood 
does not result in any perceptible change 
in its reaction during the interval in 
which the determinations are being made. 

The titrations were carried out using 
0.1 N HCl and KOH. The titration 
curves for the regurgitated digestive juices 
of the six species of grasshoppers are 
shown in figure, 1, and for the blood in 
figure 2. 

The buffering capacity or 8 values of 
the fluids were obtained by the method of 
Van Slyke (1922) which consists of plot- 
ting the titration curves on cross section 
paper, using as large units as possible, and 


then drawing tangents to selected points 
on the curves. The slope of the tangents, 
(dB/d pH) or (dA/d pH), where B and 
A are equivalents of base and acid per 
liter respectively, were then determined. 
These are designated as the 8 values and 
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Fic. 2.—Titration curves for the blood serum of the 
species of grasshoppers listed. 


are a direct measure of the buffering 
capacity of the system under study, i.e. 
the buffering capacity increases as 6 
values approach unity. These values of 8 
with their corresponding pH are shown for 
the regurgitated digestive juices in Fig. 3, 
and for the blood serum in Fig. 4. 


“« eC 





Fic. 3.—Buffering capacity curves for the digestive 
juices of the species of grasshoppers listed. 
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It will be noted that a considerable 
similarity exists for all species studied, not 
only in the normal pH of the regurgitated 
digestive juices and of the blood, but also 
in the general shape of their titration 
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Fic. 4—Buffering capacity curves for the blood 


serum of the species of grasshoppers listed. 


curves. This fact is further emphasized in 
figures 3 and 4 where the slope of the 
curves are plotted against their corre- 
sponding pH values. The normal pH and 
the corresponding 8 values for the fluids 
of the six species of grasshoppers are 
shown in table 1. 


Table 1.—The normal pH and corresponding 
8 value of the regurgiated digestive juices and 
blood of six species of grasshoppers. 











REGURGITATED 
DIGESTIVE 


JUICE BLoop 
SPECIES pH B pH 8 
Melanoplus 
mericanus 5.4 .048 6.8 910 
hivittatus §.3 047 6.9 O12 
differentialis 5.2 046 6.9 O12 
packardi 5.5 041 6.9 O15 
Dissosteira 
carolina 5.5 042 7.2 010 
Brachystola 
magna 5.8 0S4 6.9 016 





In no case would one be justified in con- 
cluding that any appreciable difference 
between the species existed in either the 
normal reaction or in the behavior of 
their fluids toward acid or basic sub- 
stances. It should be kept in mind that 
any handling of the insects is abnormal 
and such handling prior to and during 
the extraction of the fluids could, and very 
likely would result in a slight change from 
the normal reaction. This could very 
easily account for the variations noted. 

The regurgitated digestive juices are 


; 
JouRNAL OF Economic ENTOMOLOGY 





Vol. 36, No. 6 


poorly buffered in the vicinity of their 
normal pH and do not show any appreci- 
able buffering qualities until they are re- 
moved 1.5 to 2 pH units on either side of 
their normal reactions. In view of these 
findings one would not expect that any 
insecticide, the normal pH of which lies 
between 4 and 8, would have its solubility 
greatly affected by the reaction of the 
digestive juices. However, if the normal 
pH of the insecticide lies on either side of 
the above range, its solubility could be 
markedly affected by the reaction of the 
grasshopper juices studied. 

In the case of the blood, the interest is 
not in its effect on an insecticide but 
rather on the latter’s effect on the blood’s 
normal reaction. It was found that the 
grasshopper blood was very poorly buf- 
fered at its normal pH and further that it 
continued to be poorly buffered for sev- 
eral units on either side of this normal 
value. One would then suspect that any 
material possessing fairly strong acid or 
basic properties, which was able to enter 
the blood stream of these insects, could 
have a pronounced effect on the blood re- 
action. Since the indications are that the 
Mormon cricket, at least, is extremely 
susceptible to slight changes in the pH of 
its blood, it is not beyond the realm of pos- 
sibility that considerable toxic affect may 
be exerted by insecticides on the blood 
due to their acid or basic reactions. 

The above discussion on solubility does 
not take into account the probable effects 
of varying particle size, the salt type and 
concentration present in the digestive 
juices, or the effect of proteins and other 
materials present in it. Theoretically the 
rate of solubility of the insecticide should 
be, within limits, inversely proportional 
to its particle size. Consequently the 
smaller particles should exhibit greater 
toxic effect than the larger ones since the 
insecticide remains in the digestive tract 
for only a limited time. It is probable then 
that equilibrium solubility conditions are 
never reached so that the speed at which 
the material is dissolved would be the de- 
ciding factor in its effectiveness. The 
above does not always appear to be the 
case as Siegler & Goodhue (1939) working 
with different fractions of four arsenicals 
and phenothiazine found that except for 
phenothiazine no great difference in toxic- 
ity of the different fractions was obtained 
when tested on codling moth larvae. In 
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general, however, they found that for the 
arsenicals the medium fraction (5-10 
microns) was slightly superior to either 
the fine (2-3 microns) or the coarse (18- 
29 microns) fractions. With phenothiazine 
they found the coarse fraction (45 mi- 
crons) to be less toxic than either the me- 
dium (15 microns) or fine (4 microns) 
fractions. 

McGovran et al. (1940) fractionated 
paris green and tested the different frac- 
tions against the Mexican bean beetle 
(Epilachna varivestis Muls.). They ob- 
tained the greatest mortality with parti- 
cles having an average diameter of 1.1 
microns followed in order by those having 
an average diameter of 12 and 22 microns. 

Cowan & Hinman! (1940) fractionated 
sodium fluosilicate into three fractions 
and tested their toxicity on the migratory 
Melanoplus mexicanus (Sauss.). They 
found that, within limits, toxicity was 
directly proportional to particle size. 

It appears then that a direct relation- 
ship does not always exist between parti- 
cle size and toxicity of the insecticide, and 
further that the variations may be due to 
either or both the character of the in- 
secticide and of the digestive juices of the 
test insect. 

The upper limit of size of a particle 
showing colloidal properties has been 
arbitrarily set at 0.5 of a micron in diam- 
eter. However, the particles of an emul- 
sion which show strong surface properties 
are well above this limit. It is quite reason- 
able to suppose, then, that the smaller 
particles of an insecticide (2 to 5 microns) 
exhibit surface properties which cause 
them to react differently in the digestive 
juices than is commonly postulated. 
Charges may be adsorbed from the sur- 
rounding media which would result in the 
particles presenting an unwettable sur- 
face to the juices and thus prevent their 
solution, or they may adsorb proteins 
onto their surfaces thus forming a protec- 
tive coating and consequently inhibiting 
solution. 

The effect of the salt type and concen- 
tration present in the juices may also be a 
contributing factor to abnormal solubility 
behavior. In any event it appears as 
though a study of the individual behaviors 
of the different insecticides in the actual 
medium in which they must dissolve, in 


1 Unpublished data, U.S.D.A., Bureau of Ent. & Pit. Quar., 
Bozeman, Montana. 


order to become effective, will be neces- 
sary before conclusive data can be ob- 
tained on this problem. 

In the present study an attempt was 
made to find what differences, if any, 
existed between the rates of solubility of 
various fractions of arsenious oxide, so- 
dium arsenite, and sodium fluosilicate in 
both distilled water and in the regurgi- 
tated digestive juices from two species of 
grasshoppers and from Mormon crickets. 

C. P. arsenious oxide was fractionated 
by screening into five uniform fractions 
having average particle diameters, as de- 
termined by a stage micrometer, of 3, 9, 
20, and 32 microns. The fractions of sodi- 
um arsenite had average particle diam- 
eters of 3, 8, and 16 microns, and of so- 
dium fluosilicate 6, 26, and 51. The frac- 
tions of sodium arsenite and sodium fluo- 
silicate were obtained from commercial 
products and upon analysis were found to 
contain uniform arsenious oxide and fluo- 
rine content respectively. Also included in 
the study were unfractionated commercial 
samples of standard paris green, air float 
paris green, and lead arsenate. 

The relative rates of solubility were de- 
termined as follows: One hundred mg. 
each of the arsenicals and sodium fluo- 
silicate were placed in vials with five ml. 
of the digestive juice or distilled water for 
the arsenicals and 10 ml. for the fluosili- 
vate. The vials were tightly stoppered, 
placed in a water bath at 32° C. for 24 
hours, and vigorously shaken at hourly 
intervals for the first eight hours. Their 
contents were then filtered through a fine 
grade of filter paper and an aliquot of the 
filtrate used for the analysis. Arsenic was 
determined by the micro method of Cassil 
& Wichmann (1939) and fluorine by a 
modification of the method of Willard & 
Winter (1933), and Reynolds et al. (1936). 

The solubilities as determined by the 
above method are only relative and should 
not be construed as being the true equi- 
librium solubility of the material studied. 
Extreme variations in the rate of solution 
may be encountered with such materials 
as the fine fractions of arsenious oxide, 
paris green, etc. which are only wetted 
with difficulty. 

The average of duplicate determina- 
tions for the arsenicals are shown in table 
2. The arsenious oxide was considerably 
more soluble in distilled water than in the 
digestive juices, the solubility in water de- 
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creasing markedly as the particle size in- 
creased from 3 to 32 microns. This is like- 
wise the case in the digestive juices of 
both Brachystola magna and Anabrus 
simplex but to a much lesser extent, the 
difference in solubility between particles 
having an average diameter of 3 and 32 
microns being only 3.22 and 0.83 mg. for 
the juices as compared with 16.92 mg. for 
the same range in distilled water. The de- 


Table 2.—Solubilities of various samples of 
arsenicals in distilled water and in digestive 
juices of the lubber grasshopper and the Mormon 
cricket. 








Ma. As,O; REcovERED 
FROM 100 MG. OF 
ARSENICAL SUSPENDED 
in 5 ML. WATER OR JUICE 


AvE. — 

Par- Digestive juices 
TICLE - . 
Dia. 1x Dist. B. \ 


simplex 


MatTertaL Microns water magna 


19.36 


Arsenious b 5.24 0.938 
oxide 9 8.26 3.34 0.37 
20 5.51 2.52 0.21 
82 2.44 2.02 0.10 
Sodium 3 100.0 100.0 
arsenite Ss 100.0 92.0 


16 100.0 78.5 


Paris green 
Standard - 0.73 30.66 
Air float -- 0.74 57.70 


Lead arsenate — 0.04 0.91 





crease in solubility in the digestive juices 
shows them to have some marked in- 
hibitory effect on the solubility of arseni- 
ous oxide. 

A similar situation prevails with sodi- 
um arsenite except that the effect is much 
less pronounced. 

With paris green the situation is just 
reversed, this material being markedly 
more soluble in the digestive juices than 
in the distilled water. There is likewise an 
increase in solubility in the juice with the 
air float paris green, which is a very finely 
divided product as compared with the 
standard material. Toxicity tests against 
the sugar beet webworm, Lozostege sticti- 
calis L., made by this department, have 
shown the air float to be approximately 10 
per cent more toxic than the standard 
product. 

Lead arsenate was likewise more solu- 
ble in the digestive juices of Brachystola 
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magna than in distilled water. However, 
the difference in mg. of material dissolved 
is relatively small compared with that of 
paris green. 

The pH of a saturated solution of the 
above materials is as follows: Arsenious 
oxide 6.1, lead arsenate 5.8, paris green 
6.2, and sodium arsenite 10.3. With the 
exception of sodium arsenite the normal 
pHs of these materials all lie within the 
zone in which the digestive juices are the 
most poorly buffered. In view of the 
points brought out in previous discussion 
one would not suspect that any of these 
arsenicals, with the possible exception of 
sodium arsenite, would be affected to any 
extent by the reaction of the digestive 
juices. Sodium arsenite is highly soluble 
in both acids and bases so that the pH of 
the solution would have little, if any, ef- 
fect on its solubility. 

The large increase in the solubility of 
paris green in the digestive juices over 
that in distilled water can be accounted 
for, possibly, by the presence of certain 
salts in the juices which react with the 
paris green in such a way as to render it 
more soluble, or by some properties of the 
juices which might increase their wetting 
powers. 

The fluorine was determined as follows: 
To an 8.0 ml. aliquot of the previously 
described filtrate, 2.5 ml. of a 10 per cent 
solution of magnesium nitrate were added 
and the solution slowly evaporated on a 
hot plate, care being taken to prevent 
excessive foaming. It was allowed to re- 
main on the hot plate until ignition had 
taken place and all action had ceased, aft- 
er which it was ashed at 450° C. for five 
hours. The ash was then transferred to a 
distilling bulb and 5 ml. of distilled water 
and 10 ml. of 60 per cent perchloric acid 
added to it. Steam distillation was then 
carried out at 139° C. until 150 ml. of dis- 
tillate had been collected. A distillation 
apparatus similar to that described by 
Reynolds et al. (1936) was used, the re- 
quired temperature being maintained by 
the use of tetrachloroethane. The distil- 
late was then neutralized with 1.0 M. 
sodium hydroxide using phenolphthalein 
as an indicator, and the volume made up 
to 250 ml. with distilled water. 

To a 50 ml. aliquot of this solution five 
drops of alizarin indicator (0.1 per cent 
aqueous solution of sodium alizarin sul- 
fonate) were added and 0.1 M_ hydro- 
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chloric acid added until the pink of the 
alizarin was discharged. To this was added 
2.5 ml. of buffer solution prepared by 
neutralizing to phenolphthalein 200 ml. of 
1.0 M monochloroacetic acid with potas- 
sium hydroxide, adding to the neutralized 
solution 200 ml. of the 1.0 M chloroacetic 
acid and diluting to one liter. The solution 
was then titrated with 0.04 N thorium 
nitrate. The end point is not very sharp 
and requires considerable practice in order 
to obtain exact duplications. 

The results of the fluorine analysis are 
shown in table 3. 


Table 3.—Solubilities of fractionated sodium 
fluosilicate in distilled water and in digestive 
juices of the Mormon cricket and the two- 
striped grasshopper. 








Ma. Sopitum Fivosmicate Recov- 
ERED FROM 100 MG. OF THIS MATERIAL 
SUSPENDED IN 10 cc. or WATER 


OR JUICE 

AVE. Digestive juices 
PARTICLE — - 

DIA. IN Distilled A. M. 
Microns water simplex _ bivittatus 

6 78.4 29.0 10.1 

24 70.3 28.8 8.9 

56 61.7 23.8 8.1 





The difference in solubility in relation to 
particle size in distilled water is not so 
great as one would expect considering the 
large differences in the average particle 
diameter. There is practically no differ- 
ence in the solubility in cricket digestive 
juices between particles, the average di- 
ameters of which are 6 and 24 microns 
respectively, and only a small difference 
between the above two and those having 
an average particle diameter of 56 mi- 
crons. 

Sodium fluosilicate is only about 35 per 
cent as soluble in the digestive juices of 
the two-striped grasshopper as in those 
juices of the Mormon cricket and shows 
no appreciable change with particle size. 
This difference might be accounted for by 
differences in the composition of the di- 
gestive juices in the two species. The nor- 
mal reactions of the digestive juices are 
pH 5.3 for Melanoplus birittatus and pH 
5.2 for Anabrus simplex (Pepper et al. 
1941) and they are both poorly buffered 
in this vicinity. Since the pH of a satu- 
rated solution of the sodium fluosilicate 
used in these experiments was 4.2, one 


would not expect the pH of the juices to 
have any appreciable effect on the solu- 
bility of this compound. The differences 
in solubility then must be due to other 
physico-chemical properties of the juices. 

While the above experiments serve to 
point out differences in the solubility be- 
havior of the digestive juices from differ- 
ent species of insects they still leave many 
questions to be answered. The large dif- 
ferences encountered in almost every case 
between the solubility of the insecticide in 
water and in the digestive juices of the in- 
sect show that the water content of the 
juices may have a pronounced effect on 
their solution properties. Such a condition 
would in turn be governed by the type of 
food ingested by the insects just prior to 
and during the period in which the insecti- 
cide was present in the alimentary tract. 
Other factors such as rainfall and dew 
would also have their effect on the water 
content of the juices. It may well be that 
highly significant differences in the solu- 
bility of a stomach poison could be en- 
countered in the digestive juices within 
the same species of insect when they were 
feeding on different host plants or on the 
same host plant in different stages of de- 
velopment. 

The removal of all solid matter from the 
digestive juices in the above experiments 
would also produce a condition which is 
not comparable to that under which the 
actual poisoning operations take place. 

SummMary.—The normal pH of the re- 
gurgitated digestive juices from six species 
of grasshoppers, viz. Melanoplus mexi- 
canus, M. bivittatus, M. differentialis, M. 
packardi, Dissosteira carolina, and Brachy- 
stola magna, were determined. They all 
fell within the pH range 5.2 to 5.8. 

Titration curves were obtained on the 
above digestive juices and from such 
curves the buffering capacities or 8 values 
were determined. All of the juices were 
poorly buffered at their normal reaction 
as well as for a range of approximately 1.5 
pH units on either side of this value. 

The normal pHs of the blood sera were 
also determined for the above species of 
grasshoppers and they all fell within the 
range pH 6.8 to 7.2. Titration curves were 
also obtained for these fluids and their 8 
values determined. The blood of the spe- 
cies of grasshoppers studied was very 
poorly buffered both at and in the vicinity 
of its normal pH. 
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The solubilities of fractionated samples 
of arsenious oxide, sodium arsenite, and 
sodium fluosilicate were studied in dis- 
tilled water and in the digestive juices of 
the Mormon cricket, Arabrus simplex, and 
in that of two species of grasshoppers, 
viz. Brachystola magna and Melanoplus 
bivittatus. With distilled water, in every 
case the solubility decreased as the parti- 
cle size increased. In the digestive juices 
this same general trend was observed but 
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it was not nearly so pronounced. The 
solubilities of arsenious oxide and sodium 
fluosilicate were considerably less in the 
digestive juices than in distilled water. 

Commercial paris green was over 50 per 
cent and air float paris green over 85 per 
cent more soluble in the digestive juices of 
Brachystola magna than in distilled water. 
This was also the trend with commercial 
lead arsenate but to a lesser extent.—6-16- 
43. 
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Experiments for Field Control of the Narcissus Bulb Fly 


Raven Scuopr, Paut M. Expe, and Cuarues F. Doucette, U.S. D. A., Agr. Res 


Adm., 


Bureau of Entomology and Plant Quarantine 


The narcissus bulb fly, Lampetia eques- 
tris (F.), is the major insect problem con- 
fronting narcissus bulb growers in the 
Pacific Northwest. Infestation develops in 
the bulbs from eggs deposited approxi- 
mately at the soil surface during May and 
June. The normal time for digging the 
bulbs comes a month or 6 weeks after the 
fly larvae start feeding within the bulbs. 
Hence treatments of the bulbs after dig- 
ging can be only partially effective, since 
considerable damage has already oc- 
curred. It has been recognized that the 
most effective type of treatment would be 


a method which would prevent actual at- 
tack of the bulbs. 

Research on the narcissus bulb fly was 
initiated by the United States Depart- 
ment of Agriculture in the Pacific North- 
west in 1927. A number of materials and 
combinations were applied to bulb plants 
in the field during the first few years of 
this project, but favorable indications ob- 
tained were very meager. There were some 
indications that applications of hydrated 
lime were effecting some reduction in in- 
festation. This material was tested on a 
semi-commercial scale in 1936. Applica- 
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tions were made to 6 blocks in one field 
and 4 blocks in a second field, using 5 
pounds of hydrated lime to 50 feet of 
bulb row. In the first field the infestation 
in the treated areas was less than in 
untreated areas, while in the second 
field the lime-treated areas were found 
to have a higher infestation than the un- 
treated areas. 

Starting in 1938, a number of materials 
were tested in small field plots arranged 
either in randomized blocks or latin 
squares. Of the materials tested, the best 
results were obtained with an inverted 
spray mixture recommended by Marshall 
& Groves (1938) for codling moth control 
as W.S.C. “dynamite,” which is a lead 
arsenate-mineral oil emulsion. The use of 
the following materials resulted in sig- 
nificant reductions in the numbers of in- 
fested bulbs as compared with the un- 
treated lots: 

Relative 
Materia! Control 
(Per Cent) 
Lead arsenate-mineral oil (W.S.C. 


dynamite formula) 81** 
Mineral oil emulsion (5%) 7 
Naphthalene flakes 63** 
Dichloroethy] ether and hydrated 

lime (dust) §4°* 
Cube dust (0.5% rotenone) 50** 
Calomel (suspension) 45°* 
Mercuric chloride solution a 
Naphthalene sulfur, and hydrated 

lime (dust) 38** 
Sodium fluosilicate (1 Ib. to 4 gal 

water) 35* 
Sulfur (dust) 32° 
Hydrated lime (dust 26* 


** Highly significant reduction in infestation (P =1 per cent). 
* Significant reduction in infestation (/ =5 per cent) 


Several materials that were tried did 
not yield significant results under the con- 
ditions of the tests. This does not mean 
that they are necessarily removed from 
consideration in future investigations, be- 
cause further study may develop favor- 
able information concerning their use. 
These materials are as follows: 


Liquid applications: 
Amy] acetate 
Bordeaux mixture 
Di-butyl-phthalate 
Ethylene dichloride 
Ethyl mercury chloride 
Isopropy! formate 
Lignin pitch (paper mill byproduct) 
Lime-sulfur 
Nicotine tannate 
Phenothiazine (ordinary and micronized 
Sodium cyanide 
Xanthone 
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Dust applications: 
Copper carbonate 
Cryolite 
Nicotine and bentonite 
Nicotine peat 
Phenothiazine and bentonite 
Sodium fluoride and bentonite 


Miscellaneous oils were tested as 1 per 
cent emulsions in comparison with mineral 
oil emulsion of similar strength. The re- 
sults obtained with these were not sta- 
tistically significant, but further tests are 
considered advisable for some of these oils. 


Castor oil (U.S.P. grade) 
Castor oil (sulfonated) 
Coconut oil 

Cottonseed oil 

Fish oil 

Peanut oil 

Pine oil 

Rapeseed oil 


In view of the apparent effectiveness of 
a ground cube root dust containing 0.5 
per cent rotenone, further tests with this 
type of material were made. Both liquid 
and dust applications were tried. These 
are listed below with the relative control 
obtained. 
Relative 
Material and strength Control 
(Per Cent) 
Cube root, blown castor oil, liquid 


application, rotenone 1—5000 28 
Cube root, dusting sulfur, 1.0 per 

cent rotenone, dust application 25 
Cube root, pine oil, liquid applica- 

tion, rotenone 1—5000 16 
Cube root, bentonite, 1.0 per cent 

rotenone, dust application 14 


Cube root, bentonite, 2 per cent 
pine oil, 1.0 per cent rotenone, 


dust application 6 
Cube root, bentonite, 1.0 per cent 
rotenone, dust application 6 


Cube root, water suspension with 
Vatsol OS, rotenone 1-5000, liq- 


uid application —1.5 
Cube root, coconut oil, liquid appli- 

cation, rotenone 1—5000 —6 
Cube root, bentonite, 0.5 per cent 

rotenone, dust application —138 


In these tests the rates of application 
were such that the amount of rotenone 
applied in the liquid applications was 
equivalent to that applied in dust appli- 
cations with 0.5 per cent of rotenone. 
These tests indicate that this rotenone- 
bearing material is not appreciably effec- 
tive in controlling the narcissus bulb fly. 

One test with a dust composed of hy- 
drated lime impregnated with dichloro- 
ethyl ether gave a promising degree of 
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control (54 per cent). When equivalent 
amounts of dichloroethyl ether were used 
in water (12 cc. per gallon) no effect was 
indicated in 2 tests, one producing 3 per 
cent, the other —7 per cent relative con- 
trol. 

Because of the very favorable indica- 
tions obtained in the first tests with the 
“W.S.C. dynamite” formula and mineral 
oil emulsion, tests with these materials 
have been expanded in order to determine 
more positively the possibilities of their 
use. The “dynamite” formula was broken 
down, and the several ingredients were 
tested in 2 series. In the one the materials 
were tested by omission, in the other they 
were used separately. The results are 
shown in table 1. 

Table 1.—Effectiveness of various ingredients 


of the ‘‘W.S.C. dynamite” formula for field con- 
trol of the narcissus bulb fly. 








RELATIVE 
CONTROL, 
MATERIAL TESTED Per CENT 
A Complete “dynamite” formula ) ieee 
B Mineral oil, triethanolamine, and 
oleic acid (lead arsenate omitted, 
1% oil) 44** 
C Lead arsenate, triethanolamine, and 
oleic acid (mineral oil omitted) 30** 
D Mineral oil and lead arsenate (tri- 
ethanolamine and oleic acid 
omitted) 52** 
E Untreated check — 
F Complete “dynamite” formula 62** 
G Mineral oil emulsified with Vatsol OS 58** 
H_ Triethanolamine and oleic acid 19 
I Lead arsenate — 37° 


J Untreated check 





* Significant at 5 per cent level. 
** Significant at 1 per cent level. 


These tests indicate that the effective- 
ness is associated primarily with the oil 
ingredient, and that there may be a slight 
advantage for the complete formula over 
the oil. The difference between A and B 
has statistical significance, but there is 
none for the difference between F and G. 
The significance of the increased infesta- 
tion where lead arsenate alone was used 
is of interest. The data are insufficient to 
furnish an explanation of this effect. 

The “dynamite” formula has also been 
tested with variations of the proportions 
of oil and lead arsenate used. Oil concen- 
trations of none, 0.5, 1, and 2 per cent were 
tested without lead arsenate and with dos- 
ages of 3 and 6 pounds of lead arsenate per 
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100 gallons. The concentration of lead 
arsenate had very little effect upon the 
bulb fly infestation, whereas the concen- 
tration of oil had a marked effect. In 
comparison with infestation in the plots 
treated with the oil-less spray there were 
reductions of 20, 56, and 61 per cent by 
the inclusion of 0.5, 1, and 2 per cent of 
oil, respectively, in the spray. The latter 
two reductions are significant. 
Experiments have been made to com- 
pare a light summer oil with a heavier 
dormant-season oil, and with varying 
amounts of oil. These tests have not pro- 
duced significant results as far as infesta- 
tion is concerned. The heavier type of oil 
was tolerated by the plants slightly less 
than the light oil, and indications of pos- 
sible lack of tolerance were observed where 
the lighter oil was used at a concentration 
of 4 per cent. Further experiments are 
needed to determine these phases. 
Mineral oil emulsions have been tried 
on a semi-commercial scale in three nar- 
cissus plantings, using growers’ spraying 
equipment adjusted to apply the materials 
at the bases of the plants. A 1 per cent 
emulsion of a light summer spray oil was 
used in these tests, and randomized block 
arrangements were followed. Two of the 
plantings were of considerable size, and 
the infestation was relatively low. The 
third planting was small. Samples were 
selected from the central portions of all 
plots. In the treated plots in planting A 
the infestation was reduced 48 per cent, 
in planting B the infestation was reduced 
81 per cent, and in planting C the reduc- 
tion was 55 per cent, as compared with 
untreated plots. Analysis indicated that 
these reductions were highly significant. 
Naphthalene produced favorable re- 
sults when tested in a preliminary way, 
and this material has been tested further. 
Refined naphthalene flakes have been 
used throughout, because crude naphtha- 
lene injured the narcissus foliage in pre- 
liminary tolerance tests. No injury from 
the refined material has been observed. A 
test was made in a randomized block 
design to determine the amount of mate- 
rial to be used. Four dosages were com- 
pared, namely, 0.5, 1.0, 1.5, and 2.0 
pounds to 100 feet of bulb row. With the 
0.5-pound dosage no control was evi- 
denced. The 1-pound rate produced a 48 
per cent reduction, the 1.5-pound rate 
produced a 69 per cent reduction, and the 
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2-pound rate gave a 59 per cent reduction. 
Analysis indicated that these control re- 
sults were significant, but indicated no 
significant differences between the 3 rates 
of application. 

In an experiment planned to determine 
the optimum time for application of 
naphthalene, variation in infestation was 
excessive, and no significance was indi- 
cated by analysis of the results, although 
some reduction of infestation was associ- 
ated with all dates of application. 

Naphthalene was tested on potted 
narcissus bulbs in a greenhouse to deter- 
mine the duration of effectiveness and 
nature of action. Five bulbs were grown 
in each pot, and naphthalene flakes were 
applied to the surface soil at a rate ap- 
proximately equivalent to the field appli- 
cation of 1 pound per 100 feet of row. 
Eggs of the narcissus bulb fly were placed 
at the neck of each bulb at various inter- 
vals following the application of the mate- 
rial. The experiment followed a latin 
square design. The results are given in 
table 2. 


Table 2.—Duration of effectiveness of naphtha- 
lene applied to soil surface for control of narcissus 
bulb fly in narcissus bulbs. 


Days BETWEEN 





NUMBER OF 


APPLICATION AND INFESTED 
Eco PLacEMENT BULBS 
0 0 
5 0 
10 0 
16 7 
27 12 
Check 14 





Effectiveness is indicated for this mate- 
rial for a period of at least 10 days. The 
test indicates that the naphthalene has a 
lethal action against either the egg or 
newly hatched larva, and that effective- 
ness is not necessarily due to a repellent 
action against ovipositing adult flies. 
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lt is recognized that a number of fac- 
tors must still be determined before gen- 
eral recommendations can be considered 
for the use of any of these materials com- 
mercially. The utilization of randomized 
block arrangements makes it possible to 
compare various materials, and valuable 
information is obtained in this type of 
test. Practical application involves the 
use of materials on entire plantings, and 
evaluation of results under such condi- 
tions is difficult. 

PLant ToLerance.—Numerous sam- 
ples of narcissus bulbs treated with the 
various materials which have been con- 
sidered promising have been forced in a 
greenhouse during the season following 
treatment. In no case has there been any 
evidence of any detrimental effect on the 
flowering performance which could be 
associated with the application of a ma- 
terial the preceding season. 

SumMary.—Experiments have been 
conducted in the Pacific Northwest to de- 
velop methods of preventing infestation 
of narcissus bulbs by larvae of the nar- 
cissus bulb fly. Numerous materials have 
been tested in plots arranged in random- 
ized blocks or latin squares. A lead arsen- 
ate-mineral oil combination known as 
“W.S.C. dynamite,” mineral oil emul- 
sion, and refined naphthalene flakes have 
furnished very promising results. Tests of 
the ingredients of the “dynamite” for- 
mula indicate that the oil content may be 
largely responsible for the effectiveness of 
the mixture, and also indicated that lead 
arsenate alone may cause increased in- 
festation. Extended tests with hydrated 
lime and with ground cube root indicate 
that these materials probably have no 
practical effectiveness. Laboratory tests 
with naphthalene demonstrate that it has 
a lethal action against the eggs and newly 
hatched larvae. The tolerance of the nar- 
cissus plants to these favorable materials 
has been satisfactory.—7-1-43. 
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Productivity of the California Red Scale on Lemon Fruits 


Harotp R. Yust, U.S. D. A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The productivity of the California red 
scale, Aonidiella aurantii (Mask.), was 
observed in a citrus grove to obtain infor- 
mation on the rate of population increase 
following fumigation. Previous observa- 
tions on the reproduction of this scale in 
southern California have been reported 
by Quayle (1911), by Bliss et al. (1931), 
and by Nel (1933), but since those studies 
were made under artificial laboratory con- 
ditions or were for a period of only several 
months, they did not give an adequate 
understanding of what takes place under 
field conditions. In this investigation the 
number of crawlers settling from each fe- 
male scale and the length of the reproduc- 
tive period were determined in the field 
throughout a year. Information was also 
obtained concerning the number of female 
crawlers reaching the mature stage. The 
field studies were supplemented with 
laboratory studies to provide additional 
records under controlled conditions. 

Fie_tp Stupies.—The field studies were 
conducted in a lemon grove south of 
Corona, Calif., in a locality where red 
scales are relatively difficult to kill by 
fumigation with hydrocyanic acid gas. 
The observations were begun in the spring 
of 1935 and were discontinued in the sum- 
mer of 1936 after scales that began repro- 
duction during each month throughout 
the year had been observed. All the scales 
except one adult female that had not 
started to reproduce were removed from 
a number of lemons on all sides of very 
lightly infested trees, and the productiv- 
ity of the one remaining scale was esti- 
mated by counting the number of scales 
that settled on the fruit. The develop- 
mental stage of each young scale was re- 
corded when the count was made. Crawl- 
ers that died before settling were not in- 
cluded. 

The scales that were selected for repro- 
duction were encircled with black water- 
proof ink and identified by number. Two 
cotton bands were placed around the stem 
of the lemon, one close to it and the other 
about 6 inches away, to prevent crawlers 
from other sources crawling onto the fruit 
as well as to restrict the young from the 
one reproducing scale on this fruit. Sur- 
rounding foliage and twigs that might 


touch the lemon were removed. At the 
beginning of the studies the host lemons 
were enclosed in muslin cages to prevent 
crawlers from other sources getting onto 
the fruits, but this proved unnecessary on 
very lightly infested trees. The fruits re- 
mained attached to the trees for the dura- 
tion of the record, or until it was neces- 
sary to remove them either because they 
were about to drop or because the trees 
were to be given commercial treatment. 
The detached fruits were placed on half- 
pint milk bottles filled with water and 
held in the shade. 

The fruits containing the reproducing 
scales were examined once a week with the 
aid of a hand lens while they were at- 
tached to the tree and with a binocular 
microscope when removed from the tree. 
The approximate dates of appearance of 
the first offspring, of the maturity of the 
female offspring, and of the death of each 
reproducing scale were recorded. Since 
there was no record of the last offspring 
produced by each scale, and production 
may have ceased some time before the 
reproducing scales died, the reproductive 
period was the interval over which crawl- 
ers may have been born. When a scale 
reproduced over an especially long period, 
the fruits occasionally spoiled, and the 
records had to be discontinued before the 
scale died. 

The study included four groups of scales 
selected at different times so that one 
group began reproduction in the spring 
and early summer, another in the midsum- 
mer, the third in the late summer and fall, 
and the fourth in the winter and subse- 
quent early spring. 

Temperature and relative humidity 
records were obtained throughout the 
study with a hygrothermograph in a 
standard instrument shelter located in the 
grove. 

The data on the productivity of the 
four groups of mother scales are sum- 
marized in table 1. 

The second group of scales showed a 
high average daily production rate in 
July and August, the rate, in general, de- 
creasing as the length of the reproductive 
period increased and as the temperature 
decreased. Most scales with a short re- 
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Table 1.—Reproduction records for groups of California red scales on lemon fruits in a 
lemon grove near Corona, Calif. 

















Repropuctive Periop Date Proceny SETTLED PER 
——___—— 50 Per Cent Repropucine ScaLe 
Repro- For 50 OF SCALES 
Perxiop Repropuction DUCING Per Cent CompLerep Daily 
Group BrGcan ScALEs Range Average of Scales Rerropuction Range Average Average 
Number Days Days Days Number Number Number 
1 April 26—June 14, 1935 33 7-154 64.5 56 Aug. 2 5-300 153.4 2.4 
2 July 19-Aug. 23, 1935 50 7-245 85.3 84 Nov. 1 13-294 158.5 1.9 
3 Aug. 23-Oct. 11, 1935 69 7-287 154.3 182 Mar. 13 8-192 99.5 .6 
4 [Nov. 15, 1935-Feb. 28, 1936 18 14-245 145.1 147 May 15 2-171 65.6 .4 
March—May, 1936 24 35-119 77.0 S4 June It 7-221 93.2 1.2 





productive period showed a high daily 
rate of production. For example, one rec- 
ord began on August 2 and ended on Sep- 
tember 13, with 175 progeny in 42 days, 
averaging 4.2 per day; another began on 
July 26 and ended on September 6, with 
163 progeny in 42 days, averaging 3.9 per 
day. Since many of the scales continued to 
produce into the winter, the average daily 
production for this group was reduced. 

The records for the third group indi- 
cated that many of the mother scales pro- 
duced young in the fall and also in the 
following spring. 

The scales in the fourth group were 
selected late in October. Some of these 
scales began to reproduce during the win- 
ter months but others not until late in the 
spring. Reproduction that began from 
November to the end of February was 
restricted to scales in sun-exposed pockets 
in the foliage on the south, southeast, and 
east aspects of the trees, but these scales 
differed decidedly, both in length of the 
reproductive period and in total produc- 
tivity, from those that began to reproduce 
in March, April, and May. Records for 
the scales that began to reproduce during 
each of these periods are shown separately 
in table 1. 

In table 2 the productivity of the scales 
is summarized according to the month in 
which reproduction started. Scales began 
to reproduce during every month of the 
year. The scales that began in June aver- 
aged the largest number of offspring. 
These scales also completed production in 
the shortest time, if the occasional records 
for April 1935 and May 1936 are ex- 
cluded. During the fall and winter months 
the length of the reproductive period in- 
creased and the number of offspring de- 
creased. In other words, the mother 
scales whose entire production took place 
during the warm summer months had the 
highest production rate, and although pro- 


duction occurred during the winter 
months the rate was greatly reduced. The 
records for certain of the winter months 
are not very reliable owing to the small 
number of scales involved, but they show 
that production occurred throughout the 
year. With one exception, the scales that 
began to reproduce in the spring of 1936 
were fertilized the previous fall and passed 
the winter in the mature stage. 

Records on the development of the 
progeny of some of the scales in each 
group are summarized in table 3. In most 
instances not all the offspring of a scale 
had reached maturity by the time the 
final count was made; therefore, these 
records are incomplete. Since the sexes 
did not become distinguishable until mid- 
way in the second stage, progeny that had 
not attained that stage of development at 
the time of the final count were recorded 
as being of unknown sex. Female scales 
were designated as mature following fer- 
tilization. The number of empty male 
covers was assumed to indicate the num- 
ber of males that had emerged and was 
determined when the final count of the 
progeny was made. 

Table 2.—Productivity of California red scales 


in the field, summarized according to the month 
reproduction began. 








AveracGe AVERAGE 





Monta AVERAGE Total Lenotn or S&tTrTLine 
Repro- Daly Repro- Repro- PROGENY 
DUCTION TempPenr- DUCING pucTIVE PER MorHer 
BEGAN ATURE SCALES Periop ScaLe 
1935 °F. Number Days Number 
April 57.1 l 42.0 55.0 
May 60.1 17 65.9 145.1 
June 67.2 15 63.9 169.5 
July 72.3 10 81.9 151.5 
August 73.5 53 108.0 153.4 
September 67.1 45 146.4 96.5 
October 60.2 11 161.6 72.9 
November 51.1 $ 197.8 75.5 
December 48.2 6 161.0 61.3 
1936 
January 7.9 5 131.6 66.6 
February 47.9 3 65.3 59.3 
March 52.7 12 91.0 97.7 
April 56.8 10 67.2 91.6 
- 61.5 2 42.0 75.0 
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Table 3.—Development of progeny of California red scales on lemon fruits in a 
grove in Corona, Calif., 1935-36. 
AVERAGE Live Mature Averace Live 

Averace Periop Femace Progeny IMMATURE PROGENY Progeny AVERAGE 

Periop Fiast PER SCALE PER SCALE MATURE Empty 

First CRAWLER Date —- - -—- AND MALe 

CRAWLER TO First Last Unfer- ALIVE Covers 

Morner to Finan Marure Femares Maxi- tilized Sex WuHen PER 

Group ScaLEs Count Femate Marvurep mum Average Females Unknown Removep ScaLe 
Number Days Days Number Number Number Number Per Cent Number 

l 32 88 49.9 Oct. 25 85 $5.2 9.3 14.2 22.6 41.7 

2 48 119 40.4 Mar. 27! 78 36.7 13.9 20.0 20.7 35.4 

; 40 214 109.7 June 12 $6 13.0 7.5 7.0 11.1 12.2 

‘ 19 130 145.0? July 1 $8 15.4 10.3 14.8 12.4 9.1 

$1.73 July 17 





1 No scales matured between Jan. 24 and March 20. 


? Progeny of 7 mother scales that began reproduction from November to February. 
* Progeny of 12 mother scales that began reproduction from March to May. 


The fact that many immature progeny 
in the second group were alive in the 
spring of 1936 when the production counts 
were continued that long indicated that 
scales in all stages of development sur- 
vived the low winter temperatures. When 
production began in October, as in the 
third group, the female progeny did not 
mature before March. During the winter 
months the number that developed to the 
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Fig. 1.—Maximum, mean, and minimum weekly 
temperatures in a lemon grove near Corona, Calif., 
from March 1935 to July 1936, inclusive. 


mature stage greatly decreased, and from 
January 31 to March 7 only two progeny 
reached the mature stage, indicating a 
relatively dormant period in fertilization 
and growth. 

The period between successive genera- 
tions, as determined from the time the 
reproducing scales became mature until 
their first female progeny reached matu- 
rity, was found to be as short as 49 days. 
Such short records were infrequent and 
occurred during July and August, but 


records of 56 days for this period were 
common during the summer. 

The reproductive period of many of the 
scales continued over a long period of 
time and resulted in a decided overlapping 
of generations. According to the records 
obtained it appears possible for some of 
the scales in as many as three generations 
to reproduce simultaneously. 

Cumatic Conpitions.—The mean, 
minimum, and maximum weekly tempera- 
tures during the period of this study are 
plotted in figure 1. In general, the tem- 
perature and humidity during this period 
were normal for the locality. The winter 
probably was a little colder and the low 
temperatures were sustained a little 
longer than usual, but there were no es- 
pecially low temperatures. On October 31 
the temperature dropped to 30° F., prob- 
ably killing many of the reproducing 
scales, for on November 1 and 8 approxi- 
mately 28 per cent were dead. A minimum 
temperature of 29° F. was recorded on 
February 4, 6, and 7, and March 26, but 
there was no excessive mortality following 
any of these drops in temperature. The 
sudden low temperature of 30° F. on 
October 31 was more critical for the repro- 
ducing scales than 29° on subsequent 
dates. 

Discussion.—This study indicates that 
the red scale population may increase very 
rapidly, especially from June to the end of 
September. The increase is not evident 
until the female progeny become full- 
grown, for the minute live young may be 
overlooked in field inspections in the early 
summer, and the oversight may result in 
an incorrect estimate of the scale infesta- 
tion in the grove during this time. A series 
of measurements showed that the average 
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area of scales in the early gray adult stage 
(before any increase in size after the sec- 
ond molt) was 0.71 sq. mm., and that of 
the full-sized insects in the late gray adult 
stage was 3.17 sq. mm. Thus, the area 
increased about 4.5 times during this 
period, which lasts only about 7 days in 
the summer. These facts assist in explain- 
ing the apparent phenomenal increase in 
the scale population that occurs under 
conditions suitable for rapid growth. On 
the fruit and trees in the field and on 
fruit removed to the packing house the 
scale population may be classified as 
light, although many immature scales are 
present. The subsequent rapid change in 
size of the scales previously present leads 
to a reclassification of the infestation in a 
short time. 

LABORATORY StTupres.—An_ experi- 
ment was also conducted in the labora- 
tory to observe the reproducing insects 
more closely and obtain additional infor- 
mation on their potential productive ca- 
pacity. Records were obtained of the total 
number of crawlers produced, the length 
of the reproductive period, and the daily 
rate of production. 

Scales were reared on lemon fruits at 
an approximately constant temperature 
of 77° F. Individual cages made of large 
gelatin capsules, similar to those described 
by Bliss, Broadbent, and Watson (1931), 
were used. The end of the longer section 
of the capsule was cut off and placed over 
the insect before production began. The 
capsule was sealed to the fruit with a paste 
composed of powdered resin and ethyl 
alcohol, with a little glycerol added to 
prevent it from becoming too brittle. The 
top of the capsule was removed for ob- 
servation, for the crawlers could not es- 
cape. The crawlers were removed daily 
with a camel’s-hair brush and the num- 
bers tabulated. The observations were 
made with the aid of a binocular micro- 
scope. 

The productivity of a scale was based 
on the total number of dead and living 
crawlers found in the cages. The reproduc- 
tive period included the time between the 
dates the first and last crawlers were pro- 
duced. 

Productivity records were obtained for 
56 insects. The average number of crawlers 
produced was 263.2 per mother scale. The 
most prolific scale produced 576 crawlers 
in 138 days. The reproductive period 


averaged 51.4 days, and the longest period 
was 143 days, during which time 466 
crawlers were produced. In both maxi- 
mum records the decaying condition of 
the fruit near the end of the period was 
responsible for discontinuance of the 
records. 

These data substantiate the high pro- 
duction records obtained in the field and 
indicate that when conditions are favor- 
able even greater production may be ex- 
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REPRODUCTIVE PERIOD IN EIGHTHS OF TOTAL PERIOD 


Fic. 2.—Average daily production of crawlers per 
mother scale in the laboratory at a constant tem- 
perature of 77° F, 


pected in the field than was recorded in 
table 1. 

Crawlers were usually produced each 
day, but occasionally several days passed 
without any reproduction, especially to- 
ward the end of the period. One mother 
scale produced on an average 5.1 crawlers 
per day, and as many as 15 crawlers were 
produced in a day by one scale. Repro- 
duction began early in the morning, and 
by 9 o’clock from 75 to 80 per cent of the 
crawlers for the day were produced. The 
mother scales lived on an average 3.2 
days after producing the last crawler, but 
one mother scale lived 15 days. 

In general, the number of crawlers pro- 
duced each day was relatively high at the 
beginning of the reproductive period. 
Following the high initial production daily 
production was fairly constant through- 
out most of the period and then dropped 
rapidly near the end. The average daily 
production per scale over the entire repro- 
ductive period is shown graphically in 
figure 2. 

SumMary.— Field studies of the produc- 
tivity of the California red scale, Aonidi- 
ella aurantii (Mask.), were started in a 
lemon grove in the vicinity of Corona, 
Calif., in the spring of 1935 and continued 
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until the summer of 1936. Productivity 
records were obtained for 194 scales on 
lemon fruits and were based on the num- 
ber of progeny that settled. 

The study included four groups of scales 
that began to reproduce at different times 
during the year. The average length of 
the reproductive period ranged from 64.5 
days for those scales that began reproduc- 
tion in the spring and early summer to 
154.3 days for those that began reproduc- 
tion in the late summer and fall. The 
minimum reproductive period was 7 days 
and the maximum was 287 days. The 
average number of progeny that settled 
per scale ranged from 65.6 for those scales 
that began reproduction in the winter to 
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158.5 for those that began in midsum- 
mer. The maximum number of progeny 
counted from one mother scale was 300. 
Scales began reproducing in each month 
throughout the year. Many of those that 
began reproduction late in the summer 
lived until the spring of the following year, 
giving birth to crawlers in two seasons. 
During the summer an average of 35.2 
female progeny per reproducing scale de- 
veloped to the mature stage. The maxi- 
mum number from one mother scale re- 
corded as reaching that stage was 85. 
The productivity records of 56 scales 
reared in the laboratory at a constant tem- 
perature of 77° F. substantiated the high 
production records in the field.—6-23-438. 
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The Influence of Repeated Fumigation with HCN on the 
Susceptibility of the California Red Scale 


Haroup R. Yust, Howarp D. Netson, and R. L. Bussey, U. S. D. A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Previous studies of the California red 
scale, Aonidiella aurantii (Mask.), have 
shown that it is more resistant to fumiga- 
tion with hydrocyanic acid in some locali- 
ties than in others. Dickson (1941) and 
Yust et al. have shown that resistance is 
an inherited character. In a further study 
of resistance, reported in the present pa- 
per, the influence of repeated fumigations 
on the susceptibility of red scale popula- 
tions to hydrocyanic acid was observed in 
the laboratory at Whittier, Calif. 

Mernops.—Most of the experiments 
included strains that had been maintained 
in isolated adjacent compartments of the 
station insectary since 1935 (Yust & 
Busbey 1942). The nonresistant scales 
were obtained from Escondido, Calif., and 
the resistant scales from Corona. One of 
these strains is referred to as the labora- 
tory-nonresistant strain and the other as 
the laboratory-resistant. In the summer 
of 1939 the laboratory-resistant strain 
was divided into two groups, one being 
propagated without fumigation; the other 
group usually being fumigated in each 


generation while in the second molt, be- 
fore fertilization had occurred, with gas 
concentrations giving from 50 to 75 per 
cent mortality. Usually two groups of 
lemons were infested with scales of each 
group in each generation, one for propa- 
gation and the other for test purposes. By 
this procedure it was possible to deter- 
mine the relative susceptibility of scales 
with and without a history of repeated 
fumigation. 

The different stocks, on lemon fruits, 
were maintained under outdoor tempera- 
tures, but scales for the comparative tests 
were usually reared and treated at a con- 
stant temperature of 77° F. The procedure 
and the laboratory apparatus used in the 
fumigations were similar to those de- 
scribed by Yust et al. (1942). The scale 
populations that had been exposed to re- 
peated fumigations are designated as 
“survivors.”” Some of the comparative 
tests were carried on with scales in the 
second molt, others with mature females. 
Each mortality figure was based on counts 
of 50 scales on each of 24 fruits. 
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Table 1.—Influence of repeated fumigation on the susceptibility of laboratory-resistant 
California red scales to fumigation with hydrocyanic acid. 








TESTS WITH SCALES IN SECOND Mott 





Tests wits Mature FemMa.es 


FuMIGA- Concen- Mortality Concen- Mortality 
TIONS OF tration — _ tration ———— — 
GENERA- RESISTANT Mg. per  Laboratory- Resistant (Mg. per Laboratory- Resistant 
TION SURVIVORS Liter resistant Survivors Liter) resistant Survivors 
Number Per Cent Per Cent Per Cent Per Cent 
l l 0.58 50.6 43.1 0.49 73.6 71.6 
3 2 .59 23.8 17.4 46 66.3 51.1 
4 3 .58 42.8 32.6 47 55.2 46.8 
5 4 .59 33.6 22.2 .49 65.3 59.8 
13 7 1.00 32.9 14.8 — _ 
12 6.8 
14 7 1.48 95.9 90.8 —_ - 
13 59.4 
15 7 1.40 97.5 89.2 .52 83.7 77.8 
14 49.2 69.0 





The laboratory-resistant stock was 
given 7 fumigations in 8 generations, and 
then the survivor group was subdidivided 
into 2 groups, 1 of which was continued 
without additional fumigations whereas 
the other was fumigated once in each of 7 
generations until this stock had been 
given 14 fumigations. At intervals infesta- 
tions were made at the same time with 
the laboratory-nonresistant, the labora- 
tory-resistant, and the survivor scales. 
Later these scales were fumigated simul- 
taneously with the same concentration of 
hydroeyanic acid. No tests were made be- 
tween the fifth and thirteenth generations, 
and in the thirteenth and fourteenth gen- 
erations the scales were reared at fluctuat- 
ing temperatures. 

Resutts or Tests with LABORATORY 
Strocks.—All fumigations killed from 98 
to 99.9 per cent of the laboratory-non- 
resistant stock, although in the fourteenth 
and fifteenth generations no nonresistant 
scales in the second molt were fumigated. 
The results of the experiments with the 
different resistant stocks are given in 
table 1. 

After two fumigations the resistant 
survivors were appreciably more difficult 
to kill than the laboratory-resistant 
strain. In the fourteenth and fifteenth 
generations the survivors of 13 or 14 
fumigations were significantly more re- 
sistant to the gas than were the survivors 
of 7 fumigations, and the latter were sig- 
nificantly more resistant than the labora- 
tory-resistant strain. 

Tests with Very ReEsisTaNT SCALEs. 
—In another series of experiments, scales 


from the Kenner grove in San Fernando 
and the Andrews grove in Corona, both of 
which proved to be very resistant when 
they were brought to the laboratory in 
February 1941, were given seven repeated 
fumigations in eight generations. The sus- 
ceptibility of these scales was compared 
with that of scales propagated without 
fumigation in treatments in four genera- 
tions, as shown in table 2. The first test 
fumigation was done with mature females, 
the remainder with scales in the second 
molt. The scales in the last treatment had 
been reared at fluctuating temperatures. 

Two fumigations had little effect on the 
resistance of these scales, but six treat- 
ments definitely increased their resist- 
ance. 

Tests WITH NONRESISTANT SCALES.— 
In the fall of 1940 scales were again ob- 
tained in Escondido from the grove in 
which the laboratory-nonresistant scales 
were originally obtained and were placed 
in a muslin-covered frame house located 
near the grove, where they were reared 


Table 2.—Influence of repeated fumigations 
with hydrocyanic acid on the mortality of very 
resistant California red scales from the Kenner 
grove in San Fernando, Calif., and the Andrews 
grove in Corona, Calif. 











F UMIGATIONS 


MortTALity 
GIVEN ——— — 





PROGENITORS Kenner Andrews 
OF SURVIVOR Kenner Resistant Andrews Resistant 
STocks Stock Survivors Stock Survivors 
Number Per Cent PerCent PerCent Per Cent 

l 75.7 . 72.0 69.3 

2 94.2 92.6 95.4 93.0 

6 93.3 85.2 91.0 77.9 

7 75.1 41.8 73.2 42.2 
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for 2 years. The scales were kept at 
Escondido as an added precaution against 
contamination with insects from other 
localities. The scales were divided into two 
groups and placed in isolation cages. One 
group was treated in a portable fumiga- 
tion chamber at Escondido in six succes- 
sive generations and propagated from the 
survivors. The other group was propa- 
gated without intervening fumigations. 
After infestations had been made for 
propagating both groups, the reproducing 
scales were usually taken to the Whittier 
laboratory, where infestations were made 
simultaneously with these two groups and 
with laboratory-resistant and non-resist- 
ant scales. All four groups were treated in 
five generations, all in the second molt. 
The scales in the tests after the fourth and 
fifth fumigations had been reared at fluc- 
tuating temperatures. The results are 
given in table 3. 


Table 3.—Influence of fumigations of the Cali- 
fornia red scale in the second molt in six suc- 
cessive generations on the susceptibility of rela- 
tively nonresistant scales from Escondido, Calif. 











Morta.itr 





FuMIGATIONS = —————_- —__—_—____ 
Escondido Stock 


Laboratory Stock 








GIVEN 
PrRoceNItoRs ——— —_——— 
or Survivor Non- 
Srock resistant Resistant Untreated Survivors 
Number Per Cent PerCent PerCent Per Cent 
1 99.3 29.6 85.2 68.3 
2 99.5 47.0 93.0 63.7 
4 99.3 $2.9 88.0 24.5 
5 100.0 84.7 98.2 66.3 
6 99.8 49.8 97.5 21.9 





After the fourth fumigation the Escon- 
dido scales were more resistant than the 
regular laboratory-resistant strain. The 
untreated Escondido scales were more re- 
sistant than those of the laboratory-non- 
resistant strain, which was originally ob- 
tained from this same grove. 


Discussion.—When this study was 


JOURNAL OF Economic ENTOMOLOGY 





Vol. 36, No. 6 


started in 1939, it was assumed that the 
laboratory-resistant strain contained some 
nonresistant scales because other scale 
stocks were found that seemed to be more 
resistant. It was thought that a few fumi- 
gations would eliminate the nonresistant 
individuals and that the population would 
then become practically pure resistant. 
After the laboratory-resistant strain was 
given seven fumigations, the scale popula- 
tions were as resistant as any known at 
that time, but additional fumigations in- 
creased still further their level of resist- 
ance. Especially resistant stocks of scales 
from groves in San Fernando and Corona, 
Calif., also became more resistant as the 
result of repeated fumigations in the labo- 
ratory. In view of the high mortality of 
the nonresistant strain in these tests, it is 
difficult to attribute increased resistance 
entirely to the elimination of nonresistant 
individuals in the original stocks. Further 
divisions and fumigations are planned, to 
see whether resistance will continue to in- 
crease, and whether the resistance which 
has been built up will be lost when treat- 
ments are discontinued. 

It should not be concluded that the re- 
sistance of the field populations increases 
as rapidly as in the laboratory tests, be- 
cause the conditions in the laboratory and 
in the field are not entirely comparable. 
In the laboratory the gas was uniformly 
distributed, so that each scale was equally 
exposed to it, and the fumigations were 
usually made on each generation before 
the females were fertilized. These females 
could then mate only with males that had 
survived a treatment. In the field the gas 
concentrations varied considerably, fumi- 
gations were less frequent, and mature 
females, which may have been fertilized 
by nonresistant males prior to treatment, 
survived.—6-23-43. 
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Influence of Decreasing, Constant, and Increasing Concen- 
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In commercial field fumigation of the 
California red scale, Aonidiella aurantii 
(Mask.), with hydrocyaniec acid, the con- 
centration of the gas attains its maximum 
shortly after the cyanide is injected under 
the tent and then decreases to a low point 
by the end of the exposure period. This 
change in concentration per unit of time 
may be expressed by a curve which is fre- 
quently referred to as a decreasing-type 
concentration-time curve. If more nearly 
gastight tents were used in the field, the 
gas concentration would remain more 
nearly constant. The question often arises 
as to whether a decreasing-type concen- 
tration has any advantage over other 
types with the same average concentra- 
tion. Gray & Kirkpatrick (1929) and Pratt 
et al. (1931) reported that high initial 
concentrations were essential to obtain 
satisfactory kills in the field. Moore 
(1933) concluded that “‘the type of con- 
centration curve has no decided influence 
upon the kill providing there is a good dis- 
tribution of gas.”’ Lindgren (1941) showed 
that a high-peak type of concentration, 
such as is obtained in the field, offers a 
slight advantage over a low uniform con- 
centration. In this study decreasing, con- 
stant, and increasing concentrations are 
compared as to their effectiveness in ex- 
periments with and without prefumiga- 
tion exposures that produce protective 
stupefaction. 

The fumigation tests were made in the 
laboratory under controlled conditions. 
The methods and apparatus used were the 
same as those described by Yust et al. 
(1942). The alteration of the apparatus 
for producing different concentrations 
with the same average (concentration 
Xtime integral) is described by Fulton 
& Busbey (1943). Decreasing prefumiga- 
tion concentrations that are likely to be 
encountered as drift-gas concentrations in 
the field were used and were in the range 
which had previously been found to pro- 
duce marked protective stupefaction. The 
prefumigation exposure immediately pre- 
ceded the final fumigation. Unless other- 
wise stated, both exposures were for 45 


minutes at 59° F. and the scales were pre- 
conditioned and postconditioned for 4 
hours at 59° F. Resistant scales on lemon 
fruits were used. The insects were either 
reared in the laboratory or obtained in the 
field. Fifty female scales in the same devel- 
opmental stage were marked on each 
fruit prior to treatment, and each mor- 
tality record was based on 1200 insects. 
The mortality of untreated scales and of 
scales receiving only the prefumigation 
treatment was negligible. 

Constant vs. DecrEASING CONCEN- 
TRATIONS, WitHout PREFUMIGATION.— 
Eight groups of scales in the second molt 
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IN PROBITS 








MORTALITY 


ees don 1 4 
9 1.0 Bsa 1.2 1.3 


CONCENTRATION (MG. PER LITER 
10) IN LOGARITHMS 


Fic. 1.—Mortality, in probits, of the California red 

scale fumigated in the second molt at different 

dosages with (A) decreasing, and (B) constant con- 
centrations of hydrocyanic acid. 





that had been reared at a constant tem- 
perature of 77° F. and a relative humidity 
of 65 per cent were fumigated for 40 min- 
utes at the same temperature and rela- 
tive humidity. The experiment was du- 
plicated on another day and the results of 
the two tests were combined. For four 
groups the concentration of the gas was 
held constant at 0.88, 1.15, 1.49, and 1.78 
mg. per liter, respectively. For the other 
four groups decreasing concentrations 
with averages of 0.88, 1.15, 1.37, and 1.66 
mg. per liter, respectively, were used. 
None of the groups of scales in this experi- 
ment had been prefumigated. In figure 1 
the mortality in probits is plotted against 
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the concentration (mg. per literX10) in 
logarithms as described by Bliss (1935). 

A much better kill was obtained with 
decreasing concentrations than with con- 
stant concentrations. The regression equa- 
tion for the data of the series of decreasing 
concentrations was }Y =6.16+4.43 (Y 
— 1.047) and for the series of constant con- 
centrations was Y=5.45+4.89 (YX 
— 1.082). The standard errors of the aver- 
age probit and regression coefficient from 
the first equation were 0.02 and 0.26, re- 
spectively, and from the second equation 
they were 0.02 and 0.18, respectively. 
There was no significant difference in the 
slope of the lines but a highly significant 
difference in position. The median lethal 
concentration of hydrocyanic acid for the 
series of decreasing concentrations was 
0.61 mg. per liter and for the series of con- 
stant concentrations it was 0.98 mg. 

ConsTANT vs. DecREASING CONCEN- 
TRATIONS, Witn PrREeFUMIGATION.—Fu- 
migations were also made with four con- 
stant and four decreasing concentrations 
on scales that had just been prefumigated, 
to determine the mortality when there was 
protective stupefaction. Mature female 
scales from the field were used and were 
prefumigated with concentrations ranging 
from 0.08 mg. per liter at the beginning to 
0.02 mg. at the end. The final concentra- 
tions and the results are presented in 
table 1. 


Table 1.—-Mortality of mature female Califor- 
nia red scales subjected, immediately after 
prefumigation, to fumigation with hydrocyanic 
acid at constant and decreasing concentrations. 








. 
CONCENTRATION, 
Ma. Hypreccrasic Actp 


per Liter Morrauity, Per Cent 

Constant Decreasing 
Average Range Average Constant Decreasing 
0.74 2.20-0.12 0.74 64.5+1.7 61.3+1.9 
1.08 + se 17 1.08 73.2+1.9 75.7+1.9 
1.43 +h 22 1.44 83.871.4 85.2+1.2 
1.82 5.6 26 1.88 94.2+0.9 93.6+0.8 





When, as in this experiment, there was 
a prefumigation immediately before the 
final fumigation, the mortality of mature 
female scales was approximately the same 
for constant and for decreasing concentra- 
tions. Since without protective stupefac- 
tion of the scales as produced by prefumi- 
gation, decreasing concentrations gave 
better kills than constant concentrations, 
these results further show that with stupe- 
faction there is more reduction in kill with 
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decreasing concentrations than with con- 
stant concentrations. 

To show the marked reduction in kill 
due to stupefaction when decreasing con- 
centrations are used, mature female scales 
from the field were fumigated at four dif- 
ferent decreasing concentrations, with and 
without a prefumigation that produced 
protective stupefaction. The four average 
concentrations in the tests that included 
prefumigation (during which the concen- 
tration ranged from 0.08 mg. per liter at 
the beginning to 0.02 mg. at the end) were 
0.64, 1.06, 1.50, and 2.05 mg. per liter, and 
in the tests that did not include prefumi- 
gation the four averages were 0.20, 0.36, 
0.52, and 0.64 mg. per liter. The concen- 
tration-mortality curves for the two series 
(with and without prefumigation) are 
plotted in figure 2. 


- td 


a) 


3 oO me 9 on 1.3 
CONCENTRATION (MG. PER LITER 
x10) IN LOGARITHMS 
Fic. 2.—Mortality, in probits, of the mature female 
California red scale fumigated with different de- 
creasing concentrations of hydrocyanice acid (A) 
without and (B) with prefumigation immediately 

prior to final fumigation 


MORTALITY IN PROBITS 


The regression equation for the series in 
which the scales were treated without first 
being prefumigated was } =6.00+4.58 
(¥—0.426) and for the series in which 
the scales were first prefumigated it was 
Y =5.83+2.74 (Y—1.008). The standard 
errors of the average probit and regression 
coefficient from the first equation were 
0.07 and 0.45, respectively, and from the 
second equation they were 0.06 and 0.36, 
respectively. The median lethal concen- 
tration for scales that had not been pre- 
fumigated was 0.16 mg. per liter and for 
those that had been prefumigated it was 
0.51 mg. 

It is usually assumed that increasing the 
concentration overcomes protective stupe- 
faction. In this experiment such an effect 
would result in the mortality curves for 
prefumigation and no prefumigation being 
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closer together at their high concentra- 
tions than at their low concentrations, but 
so far as there was any difference in the 
slope of the two curves it was in the re- 
verse condition. In another experiment 
with scales in the second molt the con- 
centration-mortality curves were approxi- 
mately parallel, so it is very improbable 
that increasing the concentration after 
prefumigation that has produced protec- 
tive stupefaction increases the kill propor- 
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scales with concentrations ranging from 
0.08 mg. to 0.02 mg. The final concentra- 
tions and the mortalities are given in 
table 2. 

In the two groups in which prefumiga- 
tion was not a factor the decreasing con- 
centrations gave better kills than the 
constant concentration and the latter 
gave better kills than the increasing 
concentrations. This was previously shown 
at the Whittier laboratory.! With pre- 


Table 2.—The influence of fumigations having different concentration-time curves on the kill 
of California red scales in the second molt and mature female stages when prefumigated and when 


not prefumigated. 





Fina Fumication, Mc. HCN per Liter 


Tyre or Con- 
CENTRATION 
IN RELATION 

To TIME Range Average 


Not Prefumigated 





-— ———- Mortauity, Per Cent 
Prefumigated ae ae 
Not Pre- Pre- 


Range Average fumigated fumigated 


Scales in second molt 


Decreasing 2. 40-0 .07 0.60 3 
Decreasing 1.81 10 61 2 
Decreasing 1.20— .25 59 I 
Constant 0.60 58 .59 I 
Increasing 25-1 .22 60 0 
Increasing 16-1.53 62 

Mature 
Decreasing 1.20 02 0.29 3 
Decreasing .92- .03 30 2 
Decreasing 59 12 29 ] 
Constant $1 29 80 ] 
Increasing 11 638 $1 0 
Increasing 05 90 80 


4 -0.11 1.00 9.73 63.6 
62-— .24 0.99 96.1 60.5 
80— .48 1.01 91.9 57.5 
00— .98 0.99 81.0 59.3 
59-1.78 .99 That 54.9 
23-2.61 1.01 67.5 55.8 
females 


41-0.12 1.01 89.1 18.9 
54— .24 1.00 86.5 58.8 
80-— .53 1.02 80.4 60.6 
00 97 0.99 62.7 52.7 
58-1.78 1.01 38.6 58.5 
23-2 .59 0.99 23 .3 62.6 





tionately more than when there has been 
no prefumigation to cause stupefaction. 
DeEcCREASING, INCREASING, AND Con- 
STANT CONCENTRATIONS.—In further 
treatment, both with and without pre- 
fumigation, scales in the second molt and 
in the mature female stage were fumigated 
with three concentrations of the decreas- 
ing type, two of the increasing type, and a 
constant concentration, in all of which the 
average concentrations within each group 
were about the same. Treatments with the 
six different concentrations were made, on 
one day on scales that had not been pre- 
fumigated, and, on another day, on scales 
in the same stage that had been prefumi- 
gated. The scales were reared in the lab- 
oratory at fluctuating temperatures rang- 
ing from 68° to 92° F. and were fumigated 
at 59° F. Those in the second molt were 
prefumigated with concentrations ranging 
from 0.17 mg. per liter at the beginning 
to 0.04 mg. at the end, and mature female 


fumigation, however, the difference in 
the effectiveness of the several types of 
concentration was practically eliminated. 
These data show that the toxicity of hy- 
drocyanie acid gas to the California red 
scale is not proportional to the products of 
concentration and time under all condi- 
tions. 

In another experiment mature female 
scales obtained in the field were prefu- 
migated with a concentration ranging from 
0.09 mg. per liter at the beginning to 0.02 
mg. at the end. Immediately thereafter 
they were fumigated with one constant 
concentration and three increasing con- 
centrations, all giving approximately the 
same average concentration. The concen- 
trations in the final fumigations and the 
mortalities are presented in table 3. 

Again with prefumigation the kills were 


! Unpublished manuscript by F. H. Lathrop, H. L. Cupples, 
H. R. Yust, and J. Hiley. 
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Table 3.—Mortality of stupefied mature fe- 
male scales from fumigation with hydrocyanic 
acid at constant and increasing concentrations 
giving approximately the same average concen- 
tration. 








TYPE oF CONCENTRATION 
CONCENTRA- or HCN, Ma. 
TION IN PER LITER 


MortTALirty, 
e Per Cent 


Range 


RELATION 


to Time Averag 





Constant 


1.23—1.20 1.22 77.2+2.4 
Increasing 0.46-2.40 1.22 83.0+2.1 
Increasing .20-3.66 1.22 81.2+1.6 
Increasing .11-4.83 1.23 81.2+2.1 





not significantly different with constant 
and increasing concentrations. 

These results suggest that high initial 
concentrations are unnecessary in the field 
if high average concentrations are main- 
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peak obtained with the present fabrics. 
Although it is true that without protective 
stupefaction the best kills were obtained 
with decreasing concentrations, it should 
be remembered that constant concentra- 
tions necessary to give satisfactory kills 
with protective stupefaction will give even 
better kills without it. 

SummMary.—Resistant California red 
scales were fumigated in the laboratory 
with hydrocyanic acid to compare the ef- 
fectiveness of decreasing, constant, and 
increasing concentrations, with and with- 
out prefumigation exposures that pro- 
duced protective stupefaction. 

Without protective stupefaction a better 
kill was obtained with decreasing then 
with constant concentrations, and a better 
kill was obtained with constant than with 
increasing concentrations. With prefumi- 





tained, since after the first series of trees is 
fumigated the scales are almost always 
subjected to stupefying dosages of gas 
escaping through the tents. Therefore, the 
more uniform concentrations which would 
be maintained under more nearly gastight 
tents should be just as effective as concen- 
trations with the same average and a high 


gation the differences in the effectiveness 
of the several types of concentration were 
practically eliminated. 

The results suggest that high average 
concentrations are essential in the field 
and that high initial concentrations are 
unnecessary. 
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Dr. SANDERSON RETIRES 


Dr. Dwight Sanderson of Cornell University, 
better known to entomologists as E. Dwight Sander- 
son, has retired from his active duties at Cornell 
University where he has spent more than 25 years 
in the field of Rural Organization and Sociology. 

Previous to that time Dr. Sanderson had been in 
administrative work in experiment stations and 
earlier than that he was an active entomologist. He 
served as president of the American Association of 
Economic Entomologists in 1910. 

Dr. Sanderson’s winter address will be Ft. Lauder- 
dale, Florida, 1009 E. 7th St. 




















The Effect of Proximity to Apple on the Extent of Oriental 
Fruit Moth Injury in Peach Orchards 


H. W. Auuen and M. H. Brunson, U.S. D. A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


In connection with the experimental 
mass liberation of parasites of the oriental 
fruit moth, Grapholitha molesta (Busck), 
data have been gathered by the Moores- 
town, N. J., laboratory from 1937 to 1941, 
inclusive, concerning the injury to peach 
fruit caused by that insect in a consider- 
able number of peach orchards of New 
Jersey and several other eastern States. 
Several instances have been noted in 
which peach orchards located adjacent to 
bearing apple trees have had a consider- 
ably greater amount of injury by the ori- 
ental fruit moth to the crop at picking 
time, through two or more successive sea- 
sons, than the average injury in peach 
orchards located at some distance from 
bearing apples. This discovery has stim- 
ulated an examination of all available data 
on the effect of the location of peach plant- 
ings with respect to bearing apple trees on 
the amount of injury caused to the peach 
crop by the oriental fruit moth. 

Plantings of peach and apple, in com- 
bination, provide an environment that is 
especially favorable to development of the 
fruit moth throughout an entire growing 
season. In the spring and early summer 
the succulent twigs of peach are the most 
favored food of the oriental fruit moth, 
and at that time apple orchards are only 
sparsely infested. In midsummer, as the 
peach twigs harden, nearly all the fruit 
moth population is found in ripening 
peaches, if any are present. After harvest- 
time, peach orchards, in which there are 
few succulent twigs and no fruit, become 
unsuitable for increase of the fruit moth, 
but apple orchards in which there are 
early ripening varieties offer an abundance 
of suitable food. Larvae developing on 
apple at this time are, for the most part, 
overwintering larvae which will hibernate 
in the apple orchard. Many of the moths 
that will emerge from them in the spring 
will return to peach, when that host plant 
is once more a favored food. 

Stearns (1928) included among his sug- 
gestions for reducing oriental fruit moth 
infestation the recommendation that in 
making new plantings it would seem ad- 
visable to restrict the interplanting of 
peaches and apples. Cagle (1930) and 


Schoene et al. (1937), as the result of care- 
ful studies of the number of moths trapped 
in peach and apple trees in several or- 
chards in Virginia, have contributed much 
information on the relative prevalence of 
oriental fruit moths in peach trees some- 
what removed from those of apple, in 
peach and apple trees interplanted or ad- 
joining, and in apple trees at some dis- 
tance from those of peach. By means of 
bait traps supplemented by other observa- 
tions they were able to show that in loca- 
tions where apples and peaches were inter- 
planted or adjoining, oriental fruit moths 
were usually more numerous in peach than 
in apple trees in midsummer, but that this 
condition might be reversed in the fall 
months, and that larger numbers of orien- 
tal fruit moths might be found in apples 
than in peaches at the time adults emerge 
from the overwintering brood. These 
workers also noted the probability that 
such moths do not reproduce effectively 
in apple trees during the early season but 
may migrate to nearby peach trees. More 
moths were trapped in locations where 
peaches and apples were interplanted or 
adjoining than in peach trees at some dis- 
tance from apple trees, or than in apple 
trees at some distance from: peach trees. 
No data are presented to show whether 
oriental fruit moth injury to ripe peach 
fruit was greater in the peach orchards ex- 
posed to bearing apple trees than in or- 
chards located at some distance from bear- 
ing apple trees. 

Driggers (1940) reported on a survey of 
oriental fruit moth injury in 1939 in 22 
orchards in New Jersey. He found that in 
orchards interplanted with apples or with 
other varieties of peaches ripening earlier 
than Elberta there was a greater degree 
of injury than in orchards not interplanted 
with apples or with peaches maturing be- 
fore Elberta. The data on orchards inter- 
planted with apples, however, were not, 
segregated from those of orchards inter- 
planted with early ripening varieties of 
peaches. 

Information acquired, during the 5- 
year period, concerning the effect of the 
proximity of bearing apple trees on the 
amount of injury caused to peach fruit by 
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Table 1.—Oriental fruit moth injury to peach 
fruit in orchards adjoining apples and those not 
adjoining apples in 10 districts. 








Nort AbJoINtIne 
APPLES 


ADJOINING 
AppPLes 





Number Average Number Average 
of Injury of Injury 





District Surveys PerCent Surveys Per Cent 
Crozet-Afton, Va. 8 4.3 2 1.5 
Staunton, Va. 3 138.7 2 28.0 
Harrisonburg, Va. 3 $2.0 2 46.5 
Clearbrook, Va. 4 8.0 2 26.5 
Martinsburg, W. Va. 2 8.5 3 4.0 
Hancock, Ma. 2 1.0 ‘ 5.0 
Smithburg-Ringgold, Md 5 5.2 3 2.3 
Mercer Co., N. J. 4 24.7 6 15.8 
Burlington Co., N. J. 19 21.4 15 11.5 
Gloucester Co., N. J. 5 9.4 7 9.4 

Average (unweighted) 12.8 15.0 





the oriental fruit moth is presented in this 
paper. In the following discussion the 
peach orchards under observation are con- 
sidered to adjoin apples if one side or more 
of the peach orchard is contiguous to, or 
if the peach trees are interplanted with, 
apple trees that were of bearing age during 
the year prior to the observations. All 
orchards bore a crop during the year of 
the observations. During these 5 years 108 
surveys of peach orchards have been made 
in which estimates of injury to fruit by the 
oriental fruit moth were obtained at the 
time of fruit picking, and in which in- 
formation is available on whether the 
peach trees adjoined apple trees in the 
senses defined above. The varieties sur- 
veyed were Elberta or some variety ripen- 
ing at about the same time as Elberta. 
The measurements of injury were ob- 
tained by collecting a random sample of 
400 fruits from each orchard at picking 
time and dissecting the fruit for concealed 
injury. 

Peaches adjoined apples in 61 of the 
surveys, and the average injury in this 
group was 16.2 per cent. In the remaining 
47 surveys in which peaches did not ad- 
join apples, the average injury was 12. 
per cent. There was a difference of 3.9+ 
2.5 per cent in favor of lower injury in the 
orchards not adjoining apples, but this 
difference was not significant. Although 
this comparison has an advantage derived 
from the inclusion of a relatively large 
number of instances, it also has the disad- 
vantage of the heterogeneous combination 
of orchard surveys from several districts 
during different seasons. 

OrcHARD SuRVEYS ARRANGED IN VaRI- 
ous Grovupines.—lIn table 1, 96 of the 
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orchard surveys are classified into 10 dis- 
tricts, in each of which it was possible to 
include two or more surveys of peaches 
adjoining apples, and two or more surveys 
of peaches not adjoining apples. Each 
group includes surveys made during one 
or more years from 1937 to 1941, inclu- 
sive. The last 4 districts listed in the table 
include orchards in which mass libera- 
tions of parasites were made during the 
season of the survey. The average ob- 
served injury for all districts was slightly 
greater in peaches not adjoining apples 
than in peaches adjoining apples. In 5 of 
the 10 districts the injury in peaches not 
adjoining apples was equal to or greater 
than the observed injury in peaches ad- 
joining apples. In Burlington County, 
N.J., where the largest number of surveys 
have been made, there was a substantial 
difference—9.9+4.3 per cent less injury 
in the orchards not adjoining apples. This, 
however, may have resulted from includ- 
ing in the group of orchards not adjoining 
apples a somewhat larger proportion of 
surveys from orchards receiving mass 
liberations of parasites than were included 
in the group adjoining apples. 

In table 2 all the orchard surveys are 
classified by years. The differences be- 
tween the yearly average percentage in- 
jury for the orchards adjoining apples 
and for those not adjoining apples have 
been calculated as follows: 1937, 12.4 
+5.7; 1938, 1.89%4.4; 1939, 7.9+4.6; 
1940, 9.6+4.4; 1941, 8.1+3.8. In the 
averages for 5 years, the orchards not ad- 
joining apples had somewhat lower ob- 
served injury than the orchards adjoining 
apples, but the difference, 3.0 +3.5, is not 
significant. For the last 4 of the 5 years 


Table 2.—Oriental fruit moth injury to peach 
fruit in orchards adjoining apples and in those not 
adjoining apples during 5 successive years. 








Not ADJOINING 
APPLES 


ADJOINING 
APPLES 


Number Average 
Injury 


Number Average 
of Injury of 


Year Surveys PerCent Surveys Per Cent 
1937 5 8.4 5 20.8 
1938 15 5 15 13.6 
1989 25 16.0 12 8.1 
1940 7 27 .6 7 18.0 
1941 9 7 8 5.6 
Average 16.2 13.2 
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the average injury was greater in the or- 
chards adjoining apples, but only in 1940 
and in 1941 was the observed difference 
significant. 

There is substantial evidence in table 1 
that oriental fruit moth injury in Burling- 
ton County, N. J., was lower in orchards 
not adjoining apples. Since orchards in 
this same county comprise a majority of 
the observations included in table 2 for 
the years 1940 and 1941, which showed 
injury significantly lower in the orchards 
not adjoining apples, a more careful anal- 
ysis of the data from that county is pre- 
sented in table 3. In this table the or- 
chards which received mass liberations of 
parasites have been separated from those 
that did not receive liberations. In both 
cases there was a lower average injury in 
the orchards not adjoining apples, but the 
differences are not significant. 

Table 3.—Oriental fruit moth injury to peach 
fruit in orchards adjoining apples and in those 
not adjoining apples in Burlington County, N. J. 





ADJOINING Nort ADJOINING 
ApPLes APPLES 
Number Average Number Average 
of Injury of Injury Dirrerence, 
Orcnargps Surveys PerCent Surveys PerCent Pea Cent 


Receiving 

varasite 

en 5 17.8 8 7.7 10.1+5.4 
Not receiving 

ee 

iberations 14 22.6 7 15.9 6.7+6.8 





PopuLaTiIon Estimates oF LARvAE.— 
If there is a tendency for peach orchards 
adjoining apples to have a larger infesta- 
tion of the oriental fruit moth than or- 
chards not adjoining apples, it should be 
possible to find evidence of it in popula- 
tion estimates of the larvae in the orchards 
during successive broods. Such estimates 
have been obtained for a number of or- 
chards and are presented in table 4. Only 
those orchards are included in which no 
mass liberations of parasites were made 
during the same season as the estimate. 
The number of larvae per tree for first and 
second broods was determined by rearing 
all the oriental fruit moth worms from all 
infested twigs and immature fruit drops 
from sample trees uniformly distributed 
over the orchards surveyed. The estimate 
of the number of larvae per tree for the 
third brood was determined by dissection 
of fruit samples taken at picking time. 
Comparable data for orchards adjoining 
and orchards not adjoining apples are 


available for two years, 1938 and 1940. 
All the orchards in this survey were lo- 
cated in New Jersey. 


Table 4.—Estimates of the number of oriental 
fruit moth larvae per tree for the first three 
broods in peach orchards adjoining and those 
not adjoining apple trees. 








Larvae tn Peacu Orncnarps (AVERAGE PER TREE) 
AbJOINING APPLES Nor Apuorntnc AppLes 





First Second Third First Second Third 
Year Brood Brood Brood Brood Brood Brood 











Number Number Number Number Number Number 











1938 11.4 18.1 153.5 1.2 24.3 67.7 
40.2 23.7 91.6 16.0 17.7 22.5 

13.1 4.0 8.3 11.1 8.9 39.7 

10.2 24.0 113.8 1.3 1.4 12.3 

8.4 16.0 94.9 13.8 10.0 18.5 

Average 16.7 17.2 92.4 8.7 12.5 $2.1 
1940 12.9 24.8 169.5 10.1 9.3 283.7 
41.0 23.0 336.0 9.3 15.7 83.4 

44.6 55.2 262.7 18.0 25.1 90.5 

11.9 17.5 345.5 

Average 32.8 34.3 256.1 12.3 16.9 188.3 





These data indicate a consistently 
greater infestation by the larvae of each 
brood in the orchards adjoining apples. 
This tendency was particularly marked in 
the first brood during both years and in 
the third brood in 1938. The considerably 
increased numbers of first-brood larvae 
per tree in peaches adjoining apples may 
have been the direct result of migraticn of 
moths emerging from the overwintered 
brood in adjoining apple trees. The lack of 
any relative increase thereafter in peach 
trees adjoining apples may have been be- 
cause the oriental fruit moth infestation in 
apples during early and midsummer is 
negligible. The ratios of increase from 
the first to the second brood, or from the 
second to the third brood, were not on 
the average greater in the orchards ad- 
joining apples. Other interesting points 
shown in these data for three of the four 
series are the relatively small increase in 
the number of larvae per tree from first to 
second brood and the much greater in- 
crease from second to third brood. 

SUMMARY AND Conc.usions.—A study 
has been made of extensive data accumu- 
lated by the Moorestown, N. J., labora- 
tory of the Bureau of Entomology and 
Plant Quarantine on the density of orien- 
tal fruit moth populations in peach or- 
chards and the amount of injury to ripe 
fruit, to determine whether peaches in or- 
chards adjoining or interplanted with 
bearing apple trees are generally more 
severely injured by the oriental fruit moth 
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than in those not adjoining bearing apple 
trees. There is considerable evidence that 
moths which emerge from the overwin- 
tered brood produced in apples in late 
summer and fall may migrate from apple 
trees to adjoining peach orchards in suf- 
ficient numbers to increase the first-brood 
population in such orchards to a density 
above the average of first-brood oriental 
fruit moth population in peach orchards 
not adjacent to apple trees. There was 
also a tendency toward a somewhat 
greater proportion of fruit moth injury in 
peach orchards adjacent to or interplanted 
with apples than in those not adjacent 
or interplanted, but this tendency was 
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highly variable, and from the available 
data it was not possible to demonstrate 
consistently significant differences. 
Because of the tendency towards greater 
fruit moth infestation, the planting of 
peach orchards adjacent to apple should 
be avoided if sites equally satisfactory in 
other respects are available. On the other 
hand, the increases in oriental fruit moth 
injury to peaches resulting from proximity 
to bearing apples have not been generally 
large enough to warrant recommenda- 
tions against. the planting of peaches in 
such situations, if sites not exposed to the 
migration of fruit moths from apple are 
unavailable.—8-5-43. 
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Tests of 4,6-Dinitro-o-Cresol Emulsion Against 
Overwintering Codling Moth Larvae 


M. A. Yoruers, F. W 


Carson, and C. C. Cassin, U.S. D. A. 


Agr. Re $ A lm , 


Bureau of Entomology and Plant Quarantine 


In 1941 the writers obtained favorable 
results in killing overwintering larvae of 
the codling moth, Carpocapsa pomonella 
(L.), by spraying the trunks and scaffold 
limbs of apple trees with various materials 
(Yothers et al., 1942), A kill of 95 per cent 
was obtained with 8 pounds of 4, 6- 
dinitro-o-cresol (also called 3, 5-dinitro-o- 
cresol but hereinafter called dinitro-o- 
cresol), 10 gallons of stove oil, 4 pounds of 
sodium lauryl sulfate, and a penetrant 
consisting of 1.5 gallons each of ethylene 
glycol monobutyl ether and _trichloro- 
ethylene per 100 gallons of spray. The 
same spray mixture with only 4 pounds of 
the dinitro-o-cresol resulted in a 94 per 
cent kill. 

Subsequent laboratory tests indicated 
that practically 100 per cent mortality 
could be obtained with a mixture contain- 
ing only 2 pounds of dinitro-o-cresol per 
100 gallons, 10 gallons of stove oil, and 3 
pounds of sodium oleate, but without the 
penetrant used in the 1941 formula. In 
orchard tests in 1942, however, this spray 


killed only 62 per cent of the larvae in a 
block of 145 Winesap trees. Even though 
the kill was far from complete, there was 
evidence of some reduction in infestation, 
compared with untreated trees or those 
that were only scraped and banded, as 
indicated in table 1. The numbers of 
moths caught in bait pots, two of which 
were maintained in each block, are also 
shown in this table. 

LARGE-ScALE Orcuarp Tests IN 1945. 
—In the spring of 1943 large-scale orchard 

Table 1.—Results of large-scale orcard tests of 


dinitro-o-cresol emulsion against hibernating 
codling moth larvae, Yakima, Wash., 1942. 





NUMBER OF 
Morus Caucut 


Wormy Fruit 
aT Harvest, 


TREATMENT! Per Cent IN Bart Pots 
Dinitro-o-cresol 

spray S 3,298 
Scraped and banded 1] + 256 
No treatment 18 5,235 





1 All blocks received a summer spray schedule of lead arsenate. 
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tests were made of the spray mixture used 
in 1941, containing 4 pounds of dinitro-o- 
cresol, and with a second mixture contain- 
ing 3 pounds of dinitro-o-cresol, 15 gallons 
of stove oil, 6 ounces of sodium lauryl! sul- 
fate, and 3.78 grams of ferric chloride per 
100 gallons of spray. The ferric chloride 
aided in breaking the emulsion so that the 
stove oil was free to act as a solvent for 
the wax in the cocoons. The mixture pre- 
pared according to the first formula cost 8 
cents per gallon; that with the second 
formula, 4 cents. 

These sprays were applied to large and 
average-sized Winesap and Jonathan 
trees in 3 orchards, each treatment includ- 
ing 122 to 140 trees. The sprays were pre- 
pared in the orchard by dissolving the 
dinitro compound in the oil by heating. 
While this was being done, the water and 
emulsifier were placed in the spray tank 
with the machine running. The solution of 
dinitro-o-cresol in oil was then added 
through the spray pump injector, fol- 
lowed by the penetrant or the ferric chlo- 
ride. These sprays were applied March 25 
to April 6. Bordeaux-type nozzles were 
used, each attached to a quarter-inch rod 
from 5 to 8 feet long. Each nozzle was 
adjusted to deliver approximately 1 gal- 
lon per minute at 150 pounds pressure. 
About 3 gallons of spray per tree was re- 
quired in 2 orchards, and 5.4 gallons for 
the much larger trees in the third orchard. 
The first treatment was tested in all 3 or- 
chards; the second treatment in only the 
third orchard. The trees in this orchard, 
in which both treatments were tested, 
were very large and old, with much rough 
bark higher up than could be reached with 
the spray rods. In addition, it was windy 
while most of the spraying was done in 
this orchard and difficult to drench the 
upper scaffold limbs thoroughly. 

Between April 14 and 17, 9 trees per 
treatment in each orchard were examined, 
728 to 1549 larvae being found in each lot 
of 9 trees. 

With the first mixture the results were 
in excellent agreement with the 1941 re- 
sults. The mortality in the first two or- 
chards averaged 94 per cent. In the third 
orchard, where conditions were less favor- 
able for effective spraying, the kill with 
this spray was only 86 per cent. With the 
second spray, containing ferric chloride, 
which was tested in the third orchard 
only, the kill was 80 per cent. 


MisceLLaANgeous Orcuarp Tests.—In 
another series of tests several mixtures 
containing dinitro-o-cresol and sodium 
lauryl sulfate, with and without the pene- 
trant used in 1941, were applied to the 
trunk and roughbark limbs of three to five 
trees. Various pressures and two methods 
of application were used, the spray rod 
with bordeaux-type nozzle and a spray 
gun with a disk aperture of .048 inch. In 
most cases the spray mixture was pre- 
pared as in the previous experiments, but 
in one test the dinitro compound was dis- 
solved in acetone! before being added to 
the penetrant and oil. This mixture was 
then emulsified by pumping it through the 
spray machine injector into the spray tank 
containing water and sodium lauryl sul- 
fate. This method avoids heating the stove 
oil to effect complete solution of the dini- 
tro-o-cresol, its solubility in stove oil being 
only 0.2 pound per gallon at 25° C. All 
but two of the mixtures contained the 
penetrant mentioned earlier in this paper, 
at the rate of 3 per cent by volume. The 
stove oil had the following specifications: 


Distillation range, middle 80 per 


cent 194° to 269° C. 
Unsulfonated residue (California 

method) 78 per cent 
Viscosity, Saybolt, at 100° F. 82 seconds 


The sprays were applied April 6 and 7, 
and examinations were made April 19 to 
26. The results are summarized in table 2. 
The mixtures prepared without the 
penetrant and the mixture containing only 
2 pounds of dinitro-o-cresol per 100 gal- 
lons killed a smaller percentage of the 
worms than the mixtures containing the 
penetrant and 3 or 4 pounds of the dinitro 
compound. Otherwise, the differences 
were small, and probably not significant. 
Codling moth cocoons are usually more 
readily wet by a spray that is directed up 
under the rough bark than by one directed 
from above, especially on scaffold limbs. 
Larvae not reached by the upward spray 
will be wet by the excess spray draining 
down the tree. In general, the larger the 
proportion of larvae on the trunk and 
lower scaffold limbs, in the crotches, and 
in the soil at the base of the tree, the 
greater will be the kill. Larvae under 
rough bark on the upper scaffold limbs 
are more difficult to reach with the spray. 
Dinitro-o-cresol is toxic to trees in the 


‘ Wain (1942) found that dinitro-o-cresol is very soluble in 
acetone (100.6 grams per 100 grams of solvent). 
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Table 2.—Results of miscellaneous orchard tests with dinitro-o-cresol emulsions against 
overwintering codling moth larvae, Yakima, Wash., 1943. 








(Quantites for 100 gallons of spray mixture) 


SopIuM 


APPLICATION 


DInITRO- LAURYL TIME PER NUMBER OF 
o-CRESOL, SULFATE, Stove O11, TREE, PRESSURE, LARVAE Morva.iry, 
Pounps Pounps GALLONS MINUTES Pounpbs EXAMINED Per CENT 
Applied with bordeaur nozzle 
3 } 15! 3 150 255 83 
8 } 20! 8 150 176 86 
2 4 10 3 150 127 88 
3 4 15 8 150 164 99 
+ 4 10 6? 150 95 100 
4 4 10 8 400 456 91 
ro 4 10 8 150 168 95 
Applied with gun 
4 4 10 3 150 101 96 
4 4 10 2 250 79 99 
4 4 10 14 400 58 97 





1 Penetrant omitted 
? Sprayed a second time. 


* Dinitro-o-cresol dissolved in acetone before being added to penetrant and oil. 


growing season, but no serious injury has 
been observed from emulsions as used in a 
delayed dormant spray. Some fruit buds 
are killed and leaf buds retarded on water 
sprouts and twigs in the lower center of 
the trees, especially if the material is ap- 
plied after the period when the trees are 
strictly dormant. This injury is of little 
significance, however, since it merely 
eliminates a few apples that lack color 
and seldom become more than C grade or 
culls. 

Conc.iusions.—Results of orchard tests 
with an emulsion containing 4, 6-dinitro- 


o-cresol, stove oil, and a suitable emulsi- 
fier and penetrant have proved its effec- 
tiveness as a dormant spray to kill over- 
wintering codling moth larvae in their 
cocoons on apple trees. At a cost for ma- 
terials of approximately 8 cents per gallon, 
or 16 to 40 cents per tree, about 95 per 
cent of the larvae can be destroyed. About 
2 to 5 gallons of spray material are re- 
quired for average-size bearing trees. The 
material is toxic to opening buds, and 
should be applied as a dormant spray to 
the trunk and scaffold limbs only.—7-6- 
45. 
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Various QUARANTINES 


The State Plant Board of Mississippi recently 
published notices of 1943 revisions of its sweet potato 
weevil quarantines relating to infestations in that 
and other States and of its European corn borer 
quarantine. Rule 31, relating to fumigation for the 
San Jose scale, now provides for the acceptance of 
the methyl] bromide method, as well as the use of hy- 
drocyanic acid gas. The Mississippi rule relating to 
citrus canker has been repealed. 

Alabama's nursery regulations as revised Septem- 
ber 24, 1943, provide for reciprocal agreements with 


other States in the use of the certificate tag of the 
destination State. 

The Wyoming State nursery law as amended June 
30, 1943, provides for reciprocal agreements with 
other States in the matter of the nursery fee, posting 
of bond, and shipping-tag requirements. A license is 
still required to do business in the State. 

Iowa's quarantine relating to the European corn 
borer was revised August 9, 1943. The intrastate and 
interstate restrictions, it is said, now conform to the 
quarantines of other central States. 

















Reactions of the Codling Moth to Artificial Light and the 
Use of Light Traps in Its Control! 


Donan L. Conus? and Wiriuiam Macuapo,? U. S. D. A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Lead arsenate sprays are used almost 
universally for controlling the codling 
moth, Carpocapsa pomonella (L.), on ap- 
ples. Their use has certain disadvantages, 
however, particularly the excessive resi- 
dues on marketing fruit, and in recent 
years many experiments have been de- 
signed to find a substitute, either complete 
or partial. 

Projects in supplementary control meas- 
ures have been handicapped by the lack 
of detailed knowledge of the physiology 
and behavior of the insect, and studies 
leading to a better understanding of its 
peculiarities have sometimes been under- 
taken along with control projects. Since 
the codling moth has long been known to 
be both photopositive and chemopositive, 
these two tropisms have been studied with 
a view to their utilization in control. 

In 1927 the senior author, under the 
direction of P. J. Parrott, of the New York 
State Agricultural Experiment Station, in 
association with Maurice W. Nixon, of the 
Empire State Gas and Electric Associa- 
tion, began a series of experiments de- 
signed to furnish information on the re- 
sponses of the codling moth to light and 
the possibilities in the use of light traps 
for its control. These experiments were 
carried on continuously over a period of 
14 years, ending, at least temporarily, in 
1940. The active work of the last 4 years 
of the studies was done by the junior au- 
thor. A report on these experiments, es- 
pecially the results of the last 4 years, is in 
preparation. In the present paper the 
principal published information on the 
responses of the codling moth to light and 
the use of light traps in control experi- 
ments has been summarized briefly, to- 
gether with some hitherto unpublished 
information from the writers’ experiments. 
No attempt has been made to cover the 
early history of the subject, which con- 
sists mainly of incidental observations and 


! This work was carried out under a cooperative arrangement 
with the New York Agricultural Experiment Station at Geneva 
and the New York State College of Agriculture at Cornell 
University. 

? Assistant professor of entomology at Cornell University and 
collaborator in the Bureau of Entomology and Plant Quarantine. 

* Now in the U.S. Army. 


opinions supported by very little evi- 
dence. 

ATTRACTIVENESS OF DirrERENT LIGHT 
Sources.—Several investigators have re- 
ported studies to determine the light 
sources and, specifically, the wave lengths 
of light most attractive to the codling 
moth. 

In the first publication on the series of 
investigations conducted under his direc- 
tion, Parrott (1927) reported that several 
species, including the codling moth, 
showed a distinct preference for the violet 
end of the spectrum. Corning glass filters 
were used to isolate the different regions 
of tungsten-filament lamps. 

Peterson & Haeussler (1928), using 
standard tungsten-filament lamps with 
variably selective color filters approxi- 
mately the same as those used by Parrott, 
found that the moths exhibited a distinct 
preference for blue and violet when given 
a choice of colors from red through violet. 
They used the following Corning glass 
filters: Selenium Red, G24: Selenium 
Orange, G34; Noviol C, G38H; Grass 
Green, G401CZ; Dark Blue, G54; Violet, 
G53C; Blue Purple Ultra, G585M; Red 
Purple Ultra, G586A; and Daylite, G57. 
Peterson & Haeussler stated that violet 
light was more attractive than blue. In 
their tests and in those of Parrott (1927) 
the wave-length ranges of the filters over- 
lapped considerably. Equalization of in- 
tensities was accomplished by varying the 
distance between the light source and the 
filter. The experiments showed only that 
the blue through violets rays from a 
tungsten-filament light source were the 
most attractive components of that 
source. 

Herms & Ellsworth (1934) reported 
that light blue was most attractive to the 
codling moth, and that in field tests 
worminess of fruit was reduced in trees 
equipped with blue-light traps but not in 
trees with white-light traps. Blue-light 
traps also attracted more females than 
males in these experiments. The blue-light 
source was a glass mercury-vapor tube. 

Headlee (1932) studied the attractive- 
ness of four kinds of artificial light to the 
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moths and the effect of each on other be- 
havior characteristics. He described these 
lights as follows: Mazda C, heavy dis- 
tribution in the red; Mazda CX, heavy 
distribution in the violet; mercury-vapor 
daylight, heavy delivery in the violet and 
ultraviolet; and red-painted Mazda C, 
heavy emission in the red. He found the 
mercury-vapor lamp to be the most at- 
tractive to the moths. He further noted 
that both the Mazda C and Mazda CX 
lamps reduced the infestation but per- 
mitted considerable oviposition; the mer- 
cury-vapor lamp _ stimulated normal 
activity, including oviposition; and the 
red-painted Mazda C stimulated abnor- 
mal activity, such as swarming around 
twigs in direct light. 

Collins (1934) found that temporary 
morphological changes in the compound 
eyes of the codling moth, involving a shift- 
ing of the iris-pigment granules, took 
place under the impact of light, and that 
these changes were correlated with changes 
in the behavior of the moths. Collins & 
Machado (1935), accepting the fact that 
the codling moth is most stongly at- 
tracted by blue light, discovered that the 
mercury-vapor light also elicited a more 
rapid photochemical reaction in the eyes, 
as evidenced by the pigment migrations. 
The 75-watt tungsten-filament lamp had 
three times as great a visual intensity to 
the human eye as the mercury tube, and 
radiated 33 per cent more total relative 
energy; but in the region of 300 to 700 
my, the region that presumably includes 
the bands to which the codling moth is 
most sensitive, the mercury tube trans- 
mitted more than 11 times as much en- 
ergy as the tungsten lamp. They con- 
cluded that, of two light sources having 
approximately the same continuous spec- 
trum, the more brilliant source elicits the 
more rapid photochemical changes in 
the eyes and is the more attractive to the 
moths; and that, of two light sources of 
unequal spectral range, the one including 
the bands which evoke the more rapid 
photochemical changes, even though its 
visual intensity and total relative energy 
are less, will prove the more attractive. 

Collins & Machado (1935) also reported 
that sun lamps transmitting ultraviolet 
were equally as attractive when most of 
the far ultraviolet was screened out, and 
concluded that the near ultraviolet and 
violet and blue regions of such sources 
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were the most attractive. Since sun lamps 
dissipate a large amount of energy in other 
regions, the specially designed mercury- 
rapor tubes seemed to be the most effi- 
cient light source, the greatest portion of 
their radiated energy lying in the desired 
regions. 

Bourne (1936) tested blue, green, am- 
ber, red, and white lights, and found blue 
to be the most attractive. 

Eyer (1937), in preliminary tests, found 
that the moths preferred blue or violet 
light. In the laboratory 100-watt Mazda 
lamps attracted more moths than light- 
blue mercury-vapor tubes, but in the field 
mercury-vapor tubes were more attrac- 
tive. In the field tests a few moths were 
involved, sometimes less than a one-per- 
day average for 20 days, but the infer- 
ences drawn are in agreement with those 
of others—namely, that mercury tubes 
which produced 300 to 700 lumens within 
the range of 3000 to 7000 angstrom units 
(largely blue, violet, and ultraviolet) were 
most attractive. 

Marshall & Hienton (1938) suggested 
three principal characteristics that influ- 
ence the attractiveness of light to the cod- 
ling moth—(1) intrinsic brilliance, (2) the 
size of the luminous area, and (3) the 
color. Several light sources were used in 
their experiments, listed as G-5, 250-watt 
CX, photoflood lamps, 100-watt Mazda 
C, H-3 special, 100-watt robin’s egg blue, 
dark-blue 200-watt Mazda C, and fluores- 
cent tubes. Various filters were also used 
at different times to isolate spectral re- 
gions. When other conditions were equal, 
the dark-blue 200-watt tungsten-filament 
lamp showed the greatest attractiveness. 
The findings of Collins & Machado (1935) 
were substantiated, that in ultraviolet 
sources the blue and violet region alone is 
as attractive as one including near ultra- 
violet as well. The suggestion was ad- 
vanced that far ultraviolet may add to the 
attractiveness of blue and violet. 

Hamilton & Steiner (1939) tested the 
following light sources: Mercury-vapor 
tubes, G-1 mercury-vapor bulbs, 250- 
watt frosted CX, 300-watt clear Mazda, 
200-watt clear Mazda, 150-watt clear 
Mazda, 60-watt frosted C_Y, 60-watt clear 
Mazda, and a 250-watt clear spotlight. 
They found the mercury-vapor tube and 
the G-1 mercury-vapor bulb to be about 
equal in attractiveness, and superior to 
Mazda \amps of 200 watts or less. 

















December 1943 


In general, these experiments on light 
sources gave consistent results, indicating 
that the codling moth is most strongly 
attracted by the blue and violet end of 
the visible spectrum. The mercury-vapor 
tube appears to be the most efficient lure 
where attractiveness alone is concerned, 
since it has a high output of blue and 
violet, and dissipates less of its energy in 
nonattractive regions. It will be noted 
later, however, that attractiveness alone 
is not the only factor to be considered in 
control experiments. 

Errects oF ILLUMINATION.—Several 
investigators have studied the effects of 
artificial light, other than as a trap lure, 
upon the activities of the moths. Parrott 
and Collins (unpublished data), early in 
their control experiments, noted that, 
while the mercury-vapor traps frequently 
attracted the largest numbers of moths, 
the injury to the fruit in trees containing 
them not only was reduced less than in the 
Mazda-lighted trees but in some instances 
was higher. Headlee (1932) noted that 
mercury-vapor tubes seemed to intensify 
the activity of the moths, for oviposition 
was heavier under the influence of the 
lights. Headlee, Herms (1929), and Herms 
& Ellsworth (1934) found that oviposition 
could be inhibited by floodlighting trees 
with Mazda C lamps. 

Tyres or Licut Traprs.—Most of the 
recent control experiments have been 
made with a trap that electrocutes the 
moths on contact by means of electric 
grids surrounding the light source. Par- 
rott (1927) began his experiments with a 
simple trap consisting of a light bulb sus- 
pended over a large, shallow pan of water. 
Collins & Nixon (1930) reported a cer- 
tain amount of control of the bud moth 
and the fruit tree leaf roller with this 
trap. Later they used both this type and 
the electrocuting trap, and finally Par- 
rott & Collins (1934, 1935) and Collins & 
Machado (1937) made tests with the 
electrocuting trap exclusively. The elec- 
trocuting trap appeared to attract and 
kill more moths wherever used, and was 
more easily handled in different positions 
in the tree. The best results were obtained 
when the trap was hung as high and as 
near the center of the tree as possible. In 
this position the water-pan trap not only 
was difficult to handle but also cast large 
shadows. The electrocuting traps were 
equipped with wire-mesh baskets, and 
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therefore in the high, central positions 
could spread their light evenly through 
the trees. 

Bourne found that he could increase the 
efficiency of the water-pan trap by adding 
a film of oil, and by raising the bulb so 
that the lower parts of the tree were not 
in the shadow of the pan. He found the 
electrocuting traps to be superior to the 
water-pan traps. 

Herms & Ellsworth, Patterson (1937), 
Marshall & Hienton (1935), and Hamilton 
& Steiner used the electrocuting traps. 
Their investigations, as well as those of 
Parrott & Collins, and of Collins & 
Machado, were concerned chiefly either 
with the light source as such or with the 
control possibilities of a trap the efficiency 
of which had been demonstrated. 

Worthley & Nicholas (1937) studied 
different types of traps with a view to 
finding one cheaper than the electrocuting 
types. They found that the most effective 
trap with light alone as a lure was the elec- 
trocuting type, but that a trap consisting 
of a light and reflector suspended above 
molasses-water bait in a 12-inch pan was 
even more effective. Worthley and Nicho- 
las compared the catches in the following 
six types of traps: (1) a 75-watt Mazda 
lamp enclosed by an electrocuting grid; 
(2) a 75-watt Mazda lamp in an unpainted 
trapping globe; (3) the same as (2) with 
the globe painted black at top and bot- 
tom; (4) the same as (2) with the globe 
painted to give light only through slots; 
(5) reflector and baffles over a 12-inch pan, 
with bait and light; and (6) a 6-inch can 
with bait, no reflector, and no light. The 
trapping globe was a flattened cylinder of 
opal glass 8.5 inches in diameter, with 
three funnels molded into its circumfer- 
ence at equidistant points. Each funnel 
pointed toward the light source within, 
and was ground off at the apex to form an 
entrance slot 1.5 by 0.5 inch to admit in- 
sects attracted by the light. These globes 
caught the fewest moths when used un- 
painted, with light emanating from the en- 
tire surface, and the most moths when 
painted to show a band of light about the 
funnels. Of all traps used the type desig- 
nated as (5), with both bait and light, cap- 
tured the most moths. 

In experiments conducted in 1936 Eyer 
(1937) compared the catches in traps con- 
taining four types of mercury-vapor lamps 
enclosed in two types of electrocuting 
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grids and one trap equipped with a suc- 
tion-fan device. He had previously tried 
the simple water-pan trap with a lamp 
suspended over it. The electrocuting de- 
vices and the suction-fan trap caught 
more moths than the water-pan traps. 

Licut Traps anp Bair Traps.—Bait 
traps or chemical baits as a supplement 
to the light traps were used in many ex- 
periments. As has been mentioned, Worth- 
ley and Nicholas found that a trap con- 
sisting of a light and reflector suspended 
above molasses-water bait was more ef- 
fective than any other. Eyer also found 
that combined bait and electrocuting light 
traps captured more moths than either 
lure used separately. Collins & Machado 
obtained similar results (unpublished 
data) and also found that the combined 
catches of light traps and bait traps oper- 
ated independently in the same tree 
were larger than those of either trap alone. 
There was a general agreement that light 
traps alone captured more moths than 
bait traps alone. Bait traps captured a 
higher percentage of females, but the total 
ratch of females generally was larger in 
the light traps. For example, Hamilton 
and Steiner recorded on an average 26.4 
moths per trap in a 35-acre baited area 
and 126.9 moths per trap in a 5.25 acre 
light-trap area in 1934, a year of heavy in- 
festation. The percentages of females were 
higher in the bait traps (66 per cent) than 
in the light traps (44 per cent), but the 
actual numbers of females were much 
higher in the light traps. 

Position or Traps.—There appears to 
be general agreement that the most effec- 
tive position for a trap is in the region of 
the greatest normal activity of the moths. 
Eyer mounted traps on the cross arms of 
poles erected close to the trunks of the 
trees at a height sufficient to illuminate 
the upper third of the tree. Data presented 
by Hamilton and Steiner emphasized the 
importance of the position of traps. Traps 
18 inches above the foliage captured on an 
average 46 moths each; those within 18 
inches of the foliage, 66 moths; those with 
the basket lowered into the foliage, 81 
moths; and those with the entire trap 
lowered into the foliage, 136 moths. The 
best location appeared to be as high in the 
tree as possible, with only a small amount 
of foliage near and above the top of the 
trap. Data obtained by Marshall & Hien- 
ton (1935) and by Collins & Machado 
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(unpublished) pointed to the same conclu- 
sion. Patterson, however, found no cor- 
relation between codling moth catch and 
height of trap or proximity to foliage. 

NuMBER OF Traps.—In early experi- 
ments Collins (unpublished reports) had 
one block of trees with one trap to every 
five trees and one block with one to every 
nine trees, as well as a block with a trap 
in every tree. The one-to-nine block was 
early abandoned as a control experiment. 
The traps in the one-to-nine and one-to- 
five blocks captured many more moths 
per trap than those in the one-to-one 
block, but the injury from the codling 
moth, bud moth, and fruit tree leaf roller 
was reduced only in the one-to-one area. 
Bourne stated that his electrocuting traps 
captured more moths in outside rows, and 
he recommended a trap in at least every 
second tree. Patterson had one trap in 
every fourth tree the first year, but in the 
following years he had a trap in every tree 
except three. Collins & Machado (1937), 
and Hamilton & Steiner concentrated 
their control studies on the trap-in-every- 
tree plan, which is probably the only ar- 
rangement that can be expected to cause 
appreciable reductions in infestation, at 
least with the light sources thus far used. 
Hamilton & Steiner found that none of 
the lamps used by them were powerful 
enough to attract moths more than 35 
feet. 

INFLUENCE OF Time or Day, TemMpPEr- 
ATURE, AND Humipiry.—The activities of 
the codling moth are influenced strongly 
by temperature and humidity, and there 
is general agreement that during the time 
of day when moths are most active (twi- 
light) these factors must be in a certain 
balance to give maximum activity. Head- 
lee stated that moths began to fly under 
favorable temperatures promptly after 
the sunlight had fallen to 30 foot-candles, 
and that flight increased until the light 
dropped below 1 foot-candle, when it 
tapered off and stopped at complete dark- 
ness. 

Collins (1934) found that moth activity 
was greatest when, in either morning or 
evening twilight, the midpoint in physio- 
logical and morphological photic adapta- 
tion occurred, which was at about 1.5 
footcandles. In June, on clear days, this 
point was reached at about 7:45 P.M. and 
4:30 A.M. In the evening moths were not 
attracted to lights until, on the periphery 
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of the tree, the illumination from the light 
traps exceeded the atmospheric illumina- 
tion. Hamilton & Steiner gave an atmos- 
pheric illumination of 0.2 footeandle and 
7:30 P.M. as the point after which moths 
generally began to be captured. 

Collins & Nixon stated that when the 
temperature fell as low as 60° F. the flight 
was definitely inhibited, and Collins found 
this statement corroborated in all later 
work. Bourne found that rain reduced the 
catches, but that there was usually a 
heavy catch the night following a rainy 
one. He considered that temperature 
was the most important single factor 
governing catches at light traps. Eyer ob- 
served that bait pails were ineffective at 
temperatures below 60° and above 80°, 
but attributed these results partly to the 
effect of temperature on the bait. Patter- 
son states that practically no moths were 
captured in light traps at temperatures 
below 60°. 

Sex Ratios.—Parrott & Collins (1934, 
1935) and Collins and Machado (unpub- 
lished) found over a period of years that 
light-trap catches averaged between 40 
and 45 per cent females, and those in bait 
traps between 65 and 70 per cent females. 
In 1933, in 13 trees that had both light 
traps and bait pails, the average number 
of females per light trap was 105, as com- 
pared with 57 per bait pail. The total 
catch of moths per trap was also much 
greater in the light traps. Virgin females 
and older females that had not oviposited 
were frequently caught, but no percent- 
ages were calculated. 

Herms & Ellsworth reported catches of 
43 and 45 per cent females in mercury- 
vapor traps and 25 per cent females from 
a small number of moths in a 60-watt 
(white) lamp trap. Worthley and Nicho- 
las, for 1936, reported 28 to 45 per cent 
females in several types of light traps, 46 
per cent in a combination light and bait 
trap, and 79 per cent (but fewer indi- 
viduals) in a trap containing bait alone. 

Hamilton & Steiner, for 1934, reported 
44 per cent females in light traps, and 66 
per cent females in bait traps. For another 
year, 1935, the averages were 35-and 55 
per cent with a much smaller infestation. 
In 1936 their averages were 36 and 52 per 
cent. Each year the total actual catches 
were higher in the light traps. 

Peterson & Haeussler, as well as Collins 
(unpublished), found no intrinsic differ- 
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ence in the response of the two sexes to 
lights in the laboratory. 

ContTroL EXPERIMENTS.—Many ex- 
periments that have contributed valuable 
information relative to light-source prefer- 
ence, reactions to different wave lengths 
of light, relative efficiency of various types 
of traps, best position for traps, effects of 
light on oviposition, and other relations 
of the moth to light have been of little 
value from the standpoint of control. This 
has been either because the tests were not 
designed to furnish information on con- 
trol, or because they were on too small a 
scale. Steiner (1940), with an extraordi- 
narily large amount of data, has clearly 
shown the necessity for large blocks of 
trees in bait experiments, and he and 
others have shown that the same factors 
operate in light-trap tests. 

In some experiments the lighted trees 
were treated with a calyx spray and one 
or more cover sprays during the growing 
season. Other experiments included un- 
treated trees and lighted unsprayed trees, 
in addition to the lighted and unlighted 
sprayed trees. In many references the 
term “‘unsprayed” should be interpreted 
as referring to codling moth cover sprays 
only, since trees so described might have 
received the early spring sprays for other 
apple insects and even the calyx spray 
directed against the codling moth. Al- 
though the concentration of lead arsenate 
in the sprays was not always mentioned, 
it was inferred that from 3 to 6 pounds for 
each 100 gallons of water was usually used. 

Herms & Ellsworth in 1933 used 36 
trees in a light-trap experiment and exam- 
ined 19,220 apples, both windfalls and 
picked fruit. The varieties included Yel- 
low Newtown, Skinner Pippin, Hoover, 
Baldwin, and Ben Davis, and lights of 
three colors were used in the traps. Among 
the unsprayed trees the percentages of 
wormy fruit were as follows: Blue light 
50.3, white light 74.2, red light 77.3, and 
unlighted 73.6. 

Eyer’s figures on crop injury were based 
on a few single trees, and included only 
harvested apples. He commented that the 
data were variable and inconclusive, but 
he considered that they showed sufficient 
promise to warrant further investigation. 

Patterson gave tables showing per- 
centages of stung and wormy apples in 
lighted and unlighted Northern Spy trees 
for a 4-year period. The lighted trees re- 
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ceived only the first two cover sprays of 
lead arsenate. The adjacent unlighted 
trees received the regular spray schedule 
of four cover applications in 1933 and 
1936 and five in 1934 and 1935. The first 
year he had one trap in every fourth tree 
and subsequently a trap in every tree. 
In 1934, 1935, and 1936 the sprayed blocks 
showed, respectively, 20.9, 38.8, and 9.1 
per cent more injured apples than the 
lighted blocks. The crops were extremely 
light in 1934, 1935, and 1936, averaging 
400, 700, and 800 apples per tree. Thus, 
the records might be exceptional because 
the crops were poor. 

Hamilton & Steiner made light-trap 
experiments at Orleans, Ind., and later 
Hamilton conducted supplementary ex- 
periments at Poughkeepsie, N. Y. At 
Orleans the experiments were carried on 
in 5.25 acres of 30-year-old trees located 
near the center of an orchard. The lighted 
block was 9 rows wide and 24 rows long 
in 1934, and 8 rows wide in 1935. Three 
varities, Jonathan, Rome Beauty, and 
Winesap, were represented, with a total of 
175 suitable trees in the block. In both the 
check and trap blocks the trees received a 
full spray program, and were scraped and 
banded. There was also a large bait-trap 
block in the orchard. The light traps were 
suspended in the tops of the trees from 
overhead cables. Records of worm injury 
were made on trees uniformly distributed 
through the check and lighted blocks. 
Samples of 200 to 500 apples were taken at 
each drop pick-up and harvest picking. 
The infestation for each tree was calcu- 
lated on the basis of injuries found in the 
samples and the total number of apples 
represented by the samples. In 1934, the 
year of the heaviest infestation, the num- 
ber of worm holes per 100 apples averaged 
14 in the lighted trees and 25 in the un- 
lighted trees. In 1935, when the infesta- 
tion was much lower and both worm holes 
and stings were counted, the correspond- 
ing numbers of injuries were 0.5 and 4.8. 
At Poughkeepsie the light-trap area con- 
sisted of a block of mature trees 4 by 6 
rows. This block averaged 18 moths per 
trap in 24 light traps as compared with 
16 moths per trap in a block of 30 baited 
trees nearby. No records on fruit infesta- 
tion were made here because of the small 
infestation. 

Collins & Nixon (1930) reported on ex- 
periments with the use of light traps 
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against the eye-spotted budmoth, Spil- 
onota ocellana (D. & S.), and the fruit 
tree leaf roller, Archips argyrospila 
(Walk.), at Hilton, N. Y. These experi- 
ments formed the basis of the codling 
moth control work later undertaken by 
Collins in the same orchard. Most of the 
following details of these experiments 
have not been published heretofore. 

In 1929 a 4-acre block consisting of 105 
large trees was equipped with a water-pan 
light trap in every tree. The trees were 
about 53 years old, and included the fol- 
lowing varieties: 32 Pound Sweet, 18 
Hubbardston, 31 Baldwin, and 24 Twenty- 
Ounce. The traps were hung close to the 
trunks of the trees, from large lower 
branches. The light source in each trap 
was a 75-watt Mazda ( lamp suspended 
over the pan. This original layout of 
trees and traps was kept intact for 5 years, 
although variations were tried in other 
parts of the orchard. In 1930 two addi- 
tional blocks of approximately the same 
size as the one already in use were 
equipped with water-pan light traps. In 
one block of Twenty-Ounce trees a trap 
was placed in every second tree in every 
second row, and in the other (a mixed 
block of Twenty-Ounce and Alexander) a 
trap was placed in every fourth tree in 
every fourth row. During 1930 and 1931 
the three lighted blocks were maintained 
as described above. In 1932 the third 
block was changed to consist of one trap 
at the highest possible position in each of 
44 trees, these traps being of the electro- 
cuting type and including mercury-vapor 
tubes and sun lamps as light sources. The 
traps were operated in this arrangement 
during 1932 and 1933. An area of about 4 
acres between two of the lighted blocks 
furnished the check trees, which were 
sprayed according to recommended sched- 
ules. In 1932 the one-to-one block with 
the 44 electrocuting traps was divided into 
several plats: A, 19 lighted trees with no 
poison spray; B, 25 lighted trees sprayed 
according to schedule with lead arsenate; 
C', 41 trees sprayed according to schedule 
but not lighted; and D, 2 trees that were 
neither sprayed nor lighted. All the trees 
in the original one-to-one block with 
water-pan traps received the regular lead 
arsenate spray schedule. 

Records were thus obtained from 177 
lighted trees for 2 years, and from a mini- 
mum of 105 trees for 3 additional years. 
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In 1930 injury records were taken from 
100 apples from each count tree, but not 
all trees were counted. Iu 1931, 400 ap- 
ples from each tree, 100 from each quad- 
rant, were examined. In 1932 and 1933, in 
addition to 400 apples from every tree, the 
drops from all the trees and all the apples 
from several trees in each block were 
examined. Some of the count trees pro- 
duced as many as 50 bushels. 

In. 1932, in the original one-to-one 
lighted block there were 30 per cent more 
“clean” apples (free from injury) in the 
lighted trees than in the sprayed checks, 
and more than twice as many wormy ap- 
ples and nearly three times as many worm 
holes in the checks as in the lighted trees. 
In the block with electrocuting traps the 
unsprayed trees had 54.9 worm holes and 
the sprayed trees 18.2 worm holes per 100 
apples, whereas in the unlighted plats the 
unsprayed trees had 111.8 worm holes per 
100 apples as compared with 55.4 in the 
sprayed trees. 

Although the light traps were the only 
direct evident cause of the block varia- 
tions, it was realized that the use of solid 
blocks of trees, early shown to be neces- 
sary, might have obscured the influence 
of unknown variables. Therefore, in 1933 
another experiment was set up in the 
Rome Beauty orchard at the New York 
State Agricultural Experiment Station in 
Geneva (Parrott & Collins 1934, 1935, 
Collins & Machado 1937). This was a 
smaller orchard, its history of infestation 
was known, the trees were younger, and 
all orchard operations were under the 
supervision of the station. The purpose of 
this experiment was to determine what 
could be expected of light traps as a con- 
trol measure and the best methods of set- 
ting up further control experiments in 
commercial plantings; it was carried on 
4 years. All the apples, both drops and 
picks, from each tree were examined and 
counted each year. Electrocuting light 
traps, with mercury-vapor or Mazda 
lamps, were used. 

Since during the first season trees hav- 
ing no traps and receiving no spray (true 
check trees) and trees receiving one cover 
spray were found to be inferior to trees 
with light traps alone, such trees were 
omitted in subsequent years. Seven plats 
were therefore set up, 4 with light traps 
and 3 without. One plat containing light 
traps was not sprayed, and the other 3 re- 


ceived 2, 3, or 4 cover sprays. The same 
cover sprays were used in the plats that 
had no light traps. The number of trees 
per plat ranged from 1 to 10. The trees 
receiving the different treatments main- 
tained almost exactly the same relative 
order of worminess (determined by counts 
of both wormy apples and total worm 
holes) from year to year regardless of 
changes in plat layout. Thus, by the 
analysis each year and by the averages for 
4 years, in the sprayed-only plats 4 cover 
sprays were best, followed by 3 and 2. 
This fundamental consistency was impor- 
tant, since it showed that the standard 
controls were of the expected value. The 
lighted plats followed the same order, and 
each was considerably less wormy than 
the unlighted sprayed plat receiving the 
same number of sprays. The lighted-only 
plat was always approximately equal to 
or slightly better than the plat receiving 
2 cover sprays, with respect to wormy ap- 
ples, and considerably better with respect 
to number of worm holes. This equiva- 
lence was correlated with the fact that by 
the same criteria the lighted plats receiv- 
ing 2 cover sprays were approximately 
equivalent to the unlighted plats given 4 
cover sprays. 

A final test was run in a heavily infested 
commercial McIntosh orchard, where at 
least 25 trees could be included in each 
block. Only one type of light trap and one 
type of light source were used, together 
with additional mechanical control meas- 
ures, such as banding and destruction of 
caterpillars and removal of drops. This 
experiment was set up in 1937 with an 
electrocuting light trap containing a 75- 
or 100-watt type A Mazda lamp in each 
tree of a solid block of 25 trees. An adja- 
cent block of 25 trees was used as a check. 
The entire orchard was sprayed by the 
grower with 5 cover sprays of lead arsen- 
ate. In 1938 the original lighted block was 
the same as in 1937, and 2 additional 
blocks of the same size and same number 
of trees were laid out, 1 with both light 
traps aad bait traps and 1 with bait traps 
only. The bait traps were of the double- 
container type developed by Steiner. 
Check trees were selected at random from 
the remainder of the orchard. In 1939 the 
trap arrangement in the 3 blocks was the 
same as in 1938, but in addition all the 
trees in the remainder of the orchard were 
baited to stabilize the population. This 
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system was also carried out in 1940, but 
with the reversal of the lighted-only and 
baited-only blocks. Certain details of 
spraying were varied from year to year, 
such as applying only 2 cover sprays to 
some of the trap trees. All the trees were 
scraped and banded, and the caterpillars 
as well as the drop apples were removed 
from the orchard. 

The results of these experiments con- 
firmed those obtained in the Rome Beauty 
orchard—namely, that light traps could 
cause a reduction in codling moth popula- 
tion and injury equivalent to that ob- 
tained by the application of two standard 
lead arsenate cover sprays. It was found 
that the population was further reduced 
when both bait and light were used in the 
same trees, and that light alone effected a 
greater reduction than bait alone. 

ConcLusion.—From the experiments 
summarized in this review the writers con- 
clude that light traps have been tested 
sufficiently to show that a measurable de- 
gree of reduction in codling moth popula- 
tion and injury can be achieved through 
their use. More detailed knowledge of the 
habits and behavior of the moths and the 
development of new light sources and 
other equipment may render it possible to 
obtain a greater degree of control. The 
practical application of light traps in 
codling moth control must await these 
further developments. 

Summary.—The codling moth has long 
been known to be attracted to lights, and 
a number of investigators have studied 
the possibilities of utilizing this positive 
phototropic response in the control of the 
moth by means of light traps. The moth 
was found to be more strongly attracted 
to blue and violet light than to other 
lights, especially to the strong blue and 
violet bands of the mercury spectrum. The 
same bands also appear to stimulate ovi- 
position. 
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The photochemical reactions taking 
place in the eyes, which result directly or 
indirectly in the phototropic response, 
have a morphological manifestation in the 
movements of the iris-pigment. These re- 
actions proceed more quickly under the 
influence of blue and violet light—a fact 
which may account for the greater attrac- 
tiveness of that region of the spectrum. 

The electrocuting type of trap has gen- 
erally been found to be the most satisfac- 
tory. The largest catches are obtained 
when the traps are hung in each tree close 
to the top. To obtain measurable reduc- 
tion in injury it has been found necessary 
to have a trap in every tree. Traps con- 
taining an attractive bait as well as a light 
‘apture more moths than either lure alone. 
When both bait traps and light traps are 
operated in the same trees, the benefit is 
greater than with either alone. Light 
traps have usually given better results 
than bait traps. The number of females 
captured by the light traps has been from 
28 to 45 per cent, usually 40 to 45 per cent, 
of the total catch. This was consistently 
lower than the percentages in bait traps, 
but the actual number of females caught 
was usually higher in the light traps. Tem- 
perature was an important factor in light 
trapping, since the codling moth does not 
fly readily below 60° F. 

Light traps have been found to reduce 
codling moth populations to such an ex- 
tent as to give a benefit to the fruit which 
has been evaluated as about equal to two 
cover sprays of lead arsenate. None of the 
investigators, however, has recommended 
that light traps should form a part of a 
practical control program. Any practical 
application must await the acquisition of 
more detailed knowledge of the habits and 
behavior of the moths and the develop- 
ment of new light sources and auxiliary 
equipment.—6-12-43. 
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Insecticidal Treatment of Market Sweet Corn with 
High-Clearance Boom Equipment for Control of the 
European Corn Borer 


D. D. QuesteL, Bureau of Entomology and Plant Quarantine, and Frank Irons, Bureau 








of Plant Industry, Soils, and Agricultural Engineering, Agr. Res. Adm., U. 8. D. A. 


Extensive small-plot tests, made with 
hand sprayers, have been conducted over 
a period of years near Toledo, Ohio, to 
determine the most suitable insecticide 
and application procedure for the control 
of the European corn borer, Pyrausta 
nubilalis (Hbn.), on market sweet corn. 
Ground derris root in a spray has proved 
very satisfactory from the standpoint of 
both insecticidal effectiveness and plant 
tolerance. 

Tests in commercial fields were there- 
fore begun in 1940 to determine the prac- 
ticability of applying derris by means of 
boom sprayers for corn borer control. In 
all, about 2 acres were sprayed that year. 
As no commercial sprayer having the 
necessary 48-inch frame clearance above 
the rows was available, a special high- 
clearance, power-operated, horse-drawn, 
two-row boom sprayers (Fig. 1) was built 
for these tests. Three nozzles per row were 
used on a boom which was fastened to a 
vertical supporting frame and adjustable 
to the proper height above the corn. No. 3 
disks (three-sixty-fourths-inch _ orifice) 
were used in the outside nozzles and No. 


5 disks (five-sixty-fourths-inch orifice) in 
the center nozzles. Nozzles were adapted 
to deliver a solid cone of comparatively 
coarse spray by drilling a three-sixty- 
fourths-inch hole through the center of 
each whirl plate. A pressure of 150 pounds 
was found to be most satisfactory with 
these solid-cone-type nozzles. They were 
arranged to deliver a restricted band of 
spray (Fig. 1) which resulted in thorough 
treatment of the areas where the borers 
feed and much better placement of spray 
for corn borer control, with less waste, 
than was possible by use of conventional 
nozzles producing hollow spray cones. 
Newly hatched borers soon seek shelter 
and feed in spaces between leaf blades in 
the leaf-whorl, and later in the ear, be- 
tween the ear and the stalk, and beneath 
the leaf sheaths. To facilitate the penetra- 
tion of the spray into these spaces a wet- 
ting agent is added to the spray to reduce 
the surface and interfacial tension. Com- 
plete plant coverage is not necessary for 
successful spraying, but enough spray 
must be applied to penetrate all the hid- 
den locations where the borers are feeding. 
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Table 1.—Borer reductions and yields resulting from the application of ground derris, with a boom 


sprayer, in four varieties of sweet corn in commercial fields near Toledo, Ohio, 1941. 








NuMBER oF Borers! IN 


100 Ears from 


VARIETY Plants 100 Plants 


Spancross 


Treated 155 70 

Not treated 1653 633 
Earligold 

Treated 148 $2 

Not treated 1156 352 
Early Harvest 

Treated 134 38 

Not treated 1062 332 
Early Market 

Treated 124 50 

Not treated 936 328 


Per Cent Repuction 


YIELD? 


Per Cent 


oF BORERS IN Per Cent Increase in 
Marketable Borer-Free 
Ears Ears Over 
Plants Ears Borer-Free Nontreatment 
91 SY 75 198 
25 
87 91 89 524 
14 
87 89 78 632 
11 —- 
S87 85 71 S08 
17 





! Obtained from plant dissections 
? Obtained from grower's harvest 


This usually has been accomplished by 
the time the spray begins to run off at the 
base of the plant. 

Ground derris, at the rate of 4 pounds 
per 100 gallons of water, plus 5.8 ounces of 
wetting agent,’ was applied 4 times at 
5-day intervals, beginning with the ear- 
liest hatching of first-generation borers on 
June 27. In this first season’s work, borer 
populations were reduced 83.6 per cent on 
the plants and 72.8 per cent in the ears. 

These results were so promising that a 
self-propelled, high-clearance sprayer 
(Fig. 1) was built and used during 1941. 
The self-propelled feature permitted posi- 
tive control of forward travel which, when 
calibrated with the gallonage per acre, 
maintained the desired dosage rate. Solid- 
cone nozzles were used for all spray appli- 
cations. Six acres were sprayed in 1941, 
and the results of tests made with this 
machine in commercial fields on four vari- 
eties of corn are given in table 1. 

The advantages of these commercial- 
scale treatments were well illustrated in 
1941 by the experience of one grower who 
harvested 414 dozen ears from one-half 
acre of treated corn as compared with 175 
dozen ears from the same acreage of non- 
treated corn. The benefits of these treat- 
ments were threefold: (1) An increase in 


! Monobuty! phenylphenol sodium monosulfonate (Areskap 


number of ears per acre in total market- 
able yield of sprayed over nontreated corn, 
because many non-treated ears were dam- 
aged so badly as to be unmarketable; (2) 
an average increase in percentage of borer- 
free ears harvested, from 16.8 per cent in 
the untreated to 78.1 per cent in the 
treated plots; (3) an increase in the aver- 
age sale price from 15 cents per dozen for 
untreated to 23 cents for the treated corn 
whether sorted or not sorted. 

In 1942 a combination sprayer and 
duster was used for the treatment against 
the first generation of the borer on 9 
acres, consisting of four varieties of com- 
mercially grown sweet corn. The combina- 
tion machine was the same self-propelled 
sprayer used during 1941, with the addi- 
tion of a dusting unit mounted on the 
rear of the chassis. The duster feed was 
accurately calibrated and adjusted to de- 
liver the desired quantities of dust per 
acre. 

The following treatments were made: 4 
applications of spray or dust at 5-day 
intervals, and 2 and 3 applications of 
spray at 7-day intervals. In the spray 
treatments, ground derris root containing 
4.0 per cent of rotenone, 4 pounds per 100 
gallons of water plus the wetting agent 
(1 part to 2500 parts of water), was ap- 
plied at a pressure of 150 pounds and at 
a rate of 150 gallons per acre per applica- 
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tion. The dust was prepared by mixing 
ground derris root with bentonite clay 
to contain 1.0 per cent of rotenone!’ and 
was applied at the rate of 40 pounds per 
acre per application. With 4 applications 
at these dosages, the total quantities of 
ground derris used per acre were 24 
pounds in the spray and 40 pounds in the 
dust. Borer reduction data were obtained 
from dissections made in each replicate 
for each treatment and are given in 
table 2. 

The ears harvested by the grower at 
each picking were recorded for each treat- 
ment. These were examined for infesta- 
tion, but very few were classified as un- 
salable. The ears rejected by the grower 
as he harvested contributed the bulk of 


M-133, as 


content of 


‘War Production Board Conservation Order 
amended January 23, 1943, restricts the 


ommercial rotenone dusts to 0.5 per cent 


rotenone 
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unsalable ears shown in table 2. These 
were either left on the stalks or thrown to 
the ground after they were examined. 
The treated corn was not sorted for mar- 
ket, because the damage caused by borers 
was so light in all treated ears harvested 
that the additional cost of sorting was not 
justified. 

The yields in borer-free, infested but 
salable, and infested but nonsalable ears 
as shown by the grower’s harvest are 
given in table 2. Total yields for the vari- 
ous treatments in the varieties Spancross 
and Marcross were not consistent with 
yields for similar treatments in other 
varieties. This was due to serious wire- 
worm injury which caused an uneven 
stand in these two varieties. Since the 
harvest data were taken from equal linear 
feet of rows and not from equal numbers 
of plants, as were the dissection data, this 


Table 2.—Borer reduction data obtained from dissections of sweet corn after derris treatments, and 
yield data obtained from grower’s harvest in commercial fields near Toledo, Ohio, 1942. 





NUMBER O} 
BoRERS IN 


VARIETIES AND 100 Ears from 
TREATMENT Plants 100 Plants 
Spancross 
4 sprayings at 5 days 308 36 
3 sprayings at 7 days £25 3 
2 sprayings at 7 days 408 50 
t dustings at 5 days $02 45 
No treatment 2232 266 
Earligold planted late 
+ sprayings at 5 days 166 30 
3 sprayings at 7 days 234 28 
2 sprayings at 7 days 332 102 
No treatment 1118 148 
Golden Early Market 
4 sprayings at 5 days 542 100 
3 sprayings at 7 days 726 88 
2 sprayings at 7 days 930 118 
No treatment 3262 372 
Marcross 
4 sprayings at 5 days 374 36 
$3 sprayings at 7 days 386 46 
2 sprayings at 7 days 532 58 
4 dustings at 5 day s 678 84 
No treatment 2062 234 
Earligold (planted early 
+ sprayings at 5 days 500 56 
$ sprayings at 7 days 820 108 
2 sprayings at 7 days 1116 168 
No treatment 2062 250 














Per CENT YIELD PER ACRE 
REDUCTION OF —_— — ~ 
BorERS IN Borer- Infested Infested 

Free Salable Nonsalable 
Plants Ears Ears Ears Ears! 

86 86 8800 5745 2392 

$1 87 10810 8089 1962 

Sz 81 7420 8608 2249 

82 82 5456 5118 3110 

—- —_— 2244 8760 5120 

85 80 9949 3212 1179 

79 sl 7593 4576 1038 

70 31 4575 7594 2358 

- --- 1463 8159 2642 

83 73 9312 4626 1164 

78 76 7230 5612 959 

71 68 5184 5774 1472 

- - 1542 7225 2911 

82 85 84638 4886 1675 

81 80 8655 5699 13888 

74 75 5982 7704 2392 

67 64 43138 6978 2871 

- 811 9715 8684 

76 78 10582 5072 1181 

60 57 70386 7352 844 

46 33 5144 5826 2236 

— — 252 8735 5612 





1 Ears rejected by the grower and left in the field. 











Experimental self-propelled, high-clear- 


Fig. 1. 


ance, boom sprayer showing solid band of spray 


which covers the plants, Toledo, Ohio, 1941. 


error resulting from uneven stands has 
been introduced. 

An inspection of the data in table 2 
brings out the following facts of particular 
significance. The standard spray treat- 
ment of four applications at 5-day inter- 
vals was #uperior to all other treatments 
when borer reduction in plants was con- 
sidered. However, three applications at 
7-day intervals appeared equal to or 
slightly better in per cent borer reduction 
in the ears than the standard treatment 
in some varieties. This may be attributed 
to the more favorable timing of one or 
more of the applications of this treatment 
with reference to ear infestation. Two ap- 
plications of sprays at 7-day intervals 
gave borer reductions equal to or better 
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than four applications of dust applied at 
5-day intervals. Spray treatments pro- 
vided greater numbers of borer-free ears, 
with 40 per cent less derris per acre, than 
the dust treatments. Much higher per- 
centages of borer-free ears and much 
larger total yields of marketable ears were 
harvested from the sprayed plots than 
from any untreated plots. 

One grower obtained 30 cents per dozen 
ears for practically all of his treated corn, 
unsorted, regardless of whether it had re- 
ceived 2, 3, or 4 applications, but received 
only 10 to 20 cents a dozen for his un- 
treated corn. Approximate gross returns 
per acre received by this grower were $337 
for the sprayed, $263 for the dusted, and 
$134 for the nontreated corn. 

As the equipment used in making these 
tests was experimental and as the tests 
were conducted experimentally in com- 
mercial fields, it is not possible at present 
to give accurate figures on such items as 
cost of equipment, depreciation, labor, 
etc. It may be stated, however, that the 
gains realized from both spray and dust 
treatments in these experiments were far 
above their cost, and that under condi- 
tions where borer populations are high, 
it should be very profitable to treat mar- 
ket sweet corn for the control of the Euro- 
pean corn borer with high-clearance 
power-operated equipment such as that 
herein described.—5-29-43. 


Effect of the Removal of Squares on Yield of Upland Cotton 


E. W. Dunnam, J. C. Cuark and S. L. Catnoun,' U. S. D. A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine? 


Experiments were conducted at Stone- 
ville, Miss., during 1939, 1940, and 1941 
to determine the influence on yield of up- 
land cotton, Gossypium hirsutum L., of 
artificially removing, at weekly intervals 
for various periods, all squares large 
enough to attract boll weevils, and of sim- 
ilarly removing given percentages of such 
squares. Recently developed strains of up- 
land cotton tend to mature a large pro- 
portion of bolls from early-formed squares, 
and with this in mind the writers under- 
took to obtain information for use in 
working out a dusting schedule for boll 

1 Acknowledgment is made of the assistance of Calton Howell, 
Lloyt R. Faulkner, and Alfred W. Faulk 


2 In cooperation with the Mississippi Agricultural Experiment 
Station, Delta Branch, Stoneville, Miss. 


weevil control adapted to the fruiting 
habits of the early types of cotton grown 
in the Mississippi Delta. 

Related work on this subject has been 
reported by Hamner (1941), Eaton (1931), 
and King (1930). At State College, Miss., 
Hamner found that the removal of all 
squares soon after they were visible, at 
weekly intervals for 6 successive weeks, 
~aused no significant reduction in yield of 
upland cotton. In Arizona Eaton recorded 
a marked increase in yield of Acala up- 
land and Pima Egyptian varieties of cot- 
ton by early defloration. King, also mak- 
ing investigations in Arizona, concluded 
that in upland varieties the axillary buds 
usually remain dormant, but that they 
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can be stimulated to growth at any time 
in the season by removing the extra axil- 
lary buds. 

EXPERIMENTAL Metnops.—The first 
test consisted of removing by hand, at 
weekly intervals for 1 to 9 weeks, all 
squares over 6 or 7 days old from cotton 
dusted with calcium arsenate and from 
undusted cotton. The dusted plots re- 
ceived nine applications at 5-day inter- 
vals, beginning the first week in July and 
ending by the middle of August. The dust 
was applied with a rotary hand gun at an 
average rate of 8 pounds per acre per ap- 
plication. 

Squares were removed during the pe- 
riod beginning about June 16 and ending 
about August 11. In the first plot square 
removal was discortinued after the first 
week, in the second plot after the second 
week, and so on until squares had been 
removed in the ninth plot for 9 weeks. In 
case some squares 6 or 7 days old were 
overlooked, they were removed the fol- 
lowing week; therefore, no squares were 
allowed to develop for more than 13 or 14 
days during the defruiting period. Check 
plots, from which no squares were re- 
moved were left in both the dusted and 
undusted cotton. There were two replica- 
tions in both 1939 and 1940 and four in 
1941. 

In 1939 and in 1941, at about 10-day 
intervals, four records were made of cot- 
ton aphid populations by counting the 
aphids on 1 square inch of the lower sur- 
face of the fourth leaf from the top of each 
plant. For the years 1940 and 1941, fol- 
lowing the termination of each defruiting 
period, counts of squares were made 
weekly, so that plant response under each 
condition could be determined. 


The second test consisted of removing 
from undusted cotton at weekly intervals 
from 10 to 50 per cent of the squares over 
6 or 7 days old. In the first plot 10 per 
cent of the squares were removed each 
week, in the second plot 20 per cent each 
week, in the third plot 30 per cent, and so 
on. In 1939 squares were removed for 7 
consecutive weeks, from July 10 to 
August 22; in 1940 for 11 weeks, from 
June 19 to August 26; and in 1941 for 9 
weeks, from June 20 to August 11. Only 
squares of suitable age for boll weevil ovi- 
position were considered and no squares 
were counted or removed that were within 
approximately 3 days of blooming or were 
less than 6 days old. Some squares were 
doubtless counted in two weekly records, 
but this would also occur in taking weekly 
boll weevil square-infestation records. 

Each season the yield of seed cotton was 
determined in each plot. In both tests 
randomized plots 4 rows wide and 10 feet 
long were used. There were two replica- 
tions in 1939 and four in 1940 and 1941. 
Two well-known, high-yielding upland 
varieties of cotton were used each year, 
but, as the varieties responded in like 
manner to the treatments, the results 
have been combined. Each season the cot- 
ton was planted the last week in April, 
thinned to 1 plant to each 12 inches of 
row, and given the usual cultural prac- 
tices. There were no skips in the stand and 
ach plot contained 40 plants, all of which 
were used for taking records. For the 2 
years 1940 and 1941 weekly counts of 
squares were made after each defruiting 
period so that the plant response under 
each condition could be determined. 

Resutts OF REMOVING ALL SQUARES 
ror Various Pertops.—A summary by 


Table 1.—Square removal at weekly intervals for 1 to 9 weeks in dusted and undusted plots. 








WEEKS Date 
PLANTS DEFRUITING 
WERE Was 
Derruitrep TERMINATED 1939 1940 
1 June 16 +.3 1.1 
2 28 4.8 1.9 
$ SO 7.3 S.3 
t July 7 8.1 2.9 
5 14 10.7 8.4 
6 21 11.7 3.8 
7 28 11.7 5.1 
Ss Aug. 4 11.9 5.9 
9 ll 13.7 5.8 


AVERAGE NUMBER OF SQUARES REMOVED PER PLANT PER WEEK 


Dusted Plots 








Undusted Plots 





Weighted Weighted 
1941 Average 1939 1940 1941 Average 
0.5 1.6 3.6 1.0 0.4 1.4 
1.3 2.3 4.1 1.6 : 1.9 
3.3 4.2 5.9 3.1 3.3 3.9 
+.9 5.2 7.0 4.0 4.4 5.0 
a8 a5 8.0 3.4 7.0 6.4 
8.7 8.2 9.9 3.7 9.2 8.0 
11.0 9.7 11.5 4.7 10.3 9.2 
11.9 10.4 11.3 5.3 11.5 9.9 
14.4 12.1 12.7 5.6 14.6 11.9 
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Table 2.—Square production following defruiting periods of 1 to 9 weeks in dusted and undusted plots. 








WEEKS DATE 
PLANTS DEFRUITING 
WERE Was 
Derruitep TERMINATED 1940 1941 
1 June 16 7.3 12.0 
2 23 7.4 13.8 
8 380 7.9 14.9 
$ July 7 7.1 14.2 
5 14 7.2 14.9 
6 21 7.0 11.8 
7 28 5.8 10.5 
S Aug 4 5.4 17.2 
Check! 8.0 10.6 


Dusted Plots 


NUMBER OF SQUARES PrRopUCED PER PLANT PER WEEK 


Undusted Plots 


Weighted Weighted 


Average 1940 1941 \verage 
10.4 7.3 11.9 10.4 
53.7 6.9 14.0 11.6 
12.5 6.4 14.0 11.5 
11.8 5.9 17.5 13.6 
12.3 5.8 14.2 11.4 
10.2 6.5 10.9 9.5 
8.9 6.5 12.0 10.2 
13.3 5.8 14.4 11.5 
9.7 7.4 10.6 9.5 





1 No 


defruiting 


years of the records of square removal 
from dusted and undusted cotton is pre- 
sented in table 1. Slightly more squares 
5.3 per cent) were produced and removed 
in the dusted than in the undusted plots. 
Square counts made after defruiting are 
shown in table 2. The number of squares 
recorded in dusted and undusted cotton 
was practically the same. 

A record of the total production of 
squares, including all squares removed 
and those developing after the various de- 
fruiting periods, is presented in table 3. 
In general, there was a progressive in- 
crease in total square production each 
week. Removing all squares for a period 
apparently stimulated plant growth and 
caused the plants to develop new fruiting 
positions as the season advanced. Prac- 
tically no axillary buds were stimulated 
into growth as was reported by King 

1930). 

It is fully recognized that removing 
comparatively young squares by hand at 
weekly intervals would not have quite the 
same effect as the shedding caused by 
boll weevil damage to developing squares 
of a wider age range. Squares in which 
weevil eggs are deposited remain on the 
plants 6 to 7 days before they are shed. 
Thus, under square-removal conditions, 
plants did not, on an average, develop the 
fruiting buds to the same stage of matur- 
ity that they would have done had the 
buds been punctured by the boll weevil. 
Nevertheless, these records should throw 
some light on the reaction of the cotton 
plant after the loss of all comparatively 
large squares. 

In 1939 the average aphid population 


per square inch of leaf area in the un- 
dusted check plots was 4.1. The average 
population in the defruited undusted plots 
varied little from that of the checks. The 
average population in the dusted checks 
was 13.2, or over three times that in the 
undusted checks, whereas the population 
in the defruited dusted plots averaged 
only slightly above that in the checks. 

In 1941 the average aphid population 
in the undusted checks was 4.5 per square 
inch. As in 1939, the population in the 
defruited undusted plots varied only 
slightly from that in the checks. The 
population in the dusted checks was 20.2 
aphids, or over four times that in the un- 
dusted checks, whereas that in the de- 
fruited dusted plots varied only slightly 
from that of the checks. 

In plots in which all squares were re- 
moved for various periods, the aphid 
populations during the defruiting period 
were approximately 50 per cent less than 
on the plots developing fruit—an indica- 
tion that a physiological change occurred 


Table 3.—Total square production in dusted 
and undusted plots. 





Averace Tora NuMBER OF SQUARES 


Propucep per PLant per Week 

Weexs Dare De 
PLANTS FRUITING Dusted Plots Undusted Plots 

Were De Was 

FRUITED TEeRMINATED 1940 1941 1940 1941 
1 June 16 8.4 12.5 8.5 12.3 
2 23 4.5 15.1 8.5 14.9 
3 0 10.8 18.2 9.5 17.3 
4 July 7 10.0 19.1 9.9 21.9 
5 14 10.6 22.0 9.2 21.2 
6 21 10.8 20.5 10.2 20.1 
7 28 10.9 21.5 11.2 22.3 
8 Aug. 4 11.3 29.1 11.1 25.9 
Check! 8.0 10.6 7.4 10.6 





1 No defruiting. 
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Table 4.—Cotton yield in dusted and undusted plots in which no squares were removed (check) 
and in which ac. mens were removed weekly for periods of 1 to 9 weeks. 








hen ERAGE Pou NDS OF SEED Cotton PropucED PER PLoT 








Dat E es a re 
DEFRUITING Dusted Plots U ndusted Plots 

Was : - —-———- - ——-—--—— 
TERMINATED 1939 1940 1941 Average 1939 “1940 1941 Average 

June 16 5.16 8.16 5.27 6.20 6.98 6.81 6.60 6.80 

23 +88 7.50 5.84 6.07 6.53 7.16 7.23 6.97 

80 4.80 5.97 5.24 5.34 5.65 6.98 6.14 6.26 

July 7 4.72 7.91 4.99 5.87 5.42 5.96 6.17 5.85 

t s.11 7.90 8.84 4.95 4.50 6.36 4.31 5.06 

21 2.00 6.53 1.68 3.40 3.22 5.98 1.46 83.55 

28 1.95 5.77 90 2.87 4.15 4.33 84 3.11 

Aug. 4 1.16 2.79 54 1.50 2.08 1.48 . 56 1.37 

11 Bune 91 14 7 1.81 . 62 .22 .88 

Check! 5.69 6.58 5.56 5.94 7.53 6.58 7.40 7.27 

' No defruiting 


in the plants when fruit was allowed to set, 
making them more suitable for aphid de- 
velopment. 

Yretps.— The yield of seed cotton pro- 
duced in 40-plant plots in which no 
squares were removed and in similar plots 
in which squares were removed during 
various periods is shown in table De- 
spite the fact that more squares were 
produced and removed from the dusted 
plots than from those not dusted, and that 
as many squares developed after defruit- 
ing was stopped, less cotton was 
produced in dusted plots than in plots 
receiving no calcium arsenate. The dusted 
check plots in which no squares were re- 
moved produced an average of 17.2 per 
cent less seed cotton than those receiving 
no dust. As the damage caused by boll 
weevils was of minor importance each 
year, except in 1941, when weevils en- 
tered the plots very late in the season, the 
reductions can mainly be attributed to 
damage caused by the increased aphid 
populations which developed after dusting 
with calcium arsenate. The reduction in 
yield in the dusted plots further confirms 
previous observations that the applica- 
tion of unneeded arsenical insecticides to 
the cotton plant is a distinct detriment to 
yield and should be avoided. 

To study further the influence of aphids 
on yield, the number of bolls require to 
make a pound of seed cotton was deter- 
mined in 1939. The average for the check 
plots was 85.5 bolls from dusted plants 
and 79.2 bolls where no calcium arsenate 
was applied. The average for the de- 
fruited plots was 110.2 bolls from dusted 


seed 


plants and 96 bolls where no calcium 
arsenate was used. Thus it is indicated 
that aphids caused a significant reduction 
in both boll size and yield under all condi- 
tions. As would be expected, boll size was 
decreased as the number of weeks during 
which all squares were removed was in- 
creased. 

Apparently the yields depended more 
on the rainfall during July, August, and 
September than on any other factor. In 
1939, when precipitation totaled 4.21 
inches during these months, which was 
5.77 inches below normal, the yields of 
dusted and undusted plants decreased in 
direct relation to the number of weeks 
during which the squares were removed. 
In 1940 a total of 19.50 inches of rainfall, 
or 9.42 inches above normal, occurred dur- 
ing this period, and yields almost equal to 
those of the checks were obtained in plots 
where all squares were removed through 
July 14 and 21. Conditions were very un- 
satisfactory for cotton production early 
in 1940 but late in the season they were 
good, and if a light frost had not occurred 
on October 17 and a freeze on November 


Table 5.—Average number of squares re- 
moved in 10 to 50 per cent defruiting tests and 
—- numbers es 1939-41. 











Squares Removep per PLANT 


per Week ‘ 

_- —--+-—-——- ——————.__ SQUARES 
Per Cent 1939 1940 1941 Weighted Propucep 
OF SQUARES (7 (il (9 Aver- PER PLANT 
Removepo Weeks) Weeks) Weeks) age per WeeKk 

10 0.82 0.63 1.06 0.87 8.70 

20 1.74 1.14 1.92 1.63 8.15 

30 2.74 1.64 3.13 2.56 8.53 

40 3.64 2.17 $3.89 3.27 8.18 

50 4.55 2.60 4.53 3.89 7.78 
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14, the other defruited plots would have 
produced good yields. The year 1941, with 
7.78 inches of precipitation, or 2.3 inches 
below normal during these months, was 
good for cotton production. In all in- 
stances but one where squares had been 
removed from dusted cotton (for 2 weeks) 
the yield was less than that of the check. 

Analysis of variance of the average 
yields for the 3-year period shows no sig- 
nificant differences between the yields in 
the check plots and those in the plots 
(dusted and undusted) from which all 
squares were removed for 1, 2, 3, or 4 
weeks, but significant reductions in yields 
resulted from the longer defruiting peri- 
ods. These results are at variance with 
those of Hamner (1941), who found no 
reduction resulting from square removal 
for 6 weeks, and may be attributed to re- 
moval of squares that had developed to a 
larger size than those he removed, and 
also to different climatic and soil condi- 
tions. 

Resvutts or Removine Various Per- 
CENTAGES OF SQuARES.—In table 5 are 
summarized the average numbers of 
squares removed per plant per week for 
different periods in the years 1939, 1940, 
and 1941, the weighted averages for the 
3 years, and the average number of 
squares produced per plant per week, 
when from 10 to 50 per cent of the squares 
were removed. The weekly removal of 50 
per cent or fewer of the squares apparently 
did not increase square production, as did 
removal of all squares at weekly intervals 
for 1 to 8 weeks (table 3). 

In table 6 is presented a summary of 
the yields of seed cotton produced in the 
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plots from which 10 to 50 per cent of the 
squares were removed. Although good 
yields were obtained under each treat- 
ment, the only instance where more cot- 
ton was produced when squares were re- 
moved than in the check was in 1940, 
when 10 per cent of the squares were re- 
moved weekly for 11 weeks. The average 
reduction in yield was directly correlated 
with the percentage of squares removed 
and was approximately 0.37 pound per 
plot for each 10 per cent of squares re- 
moved.—8-12-43. 


Table 6.—Yield of seed cotton after removal of 
10 to 50 per cent of the squares at weekly in- 
tervals. 





Pounps or Seep Corron 
Per Cent Provucep peer PLot Repuction 
OF SQUARES in YIELD 
Remov ep 1939 1940 1941 Average -OUNDS 
0 9.78 6.60 8.25 8.21 
10 8.52 6.89 8.05 7.8 0.39 
20 9.62 5.68 6.80 7.37 s4 
30 9.22 5.26 6.78 7.10 1.11 
40 8.36 5.56 6.59 6.84 1.37 
50 8.78 5.35 5.77 6.63 1.58 





SumMARyY.— Experiments conducted at 
Stoneville, Miss., in 1939, 1940, and 1941, 
to determine the influence on yield of up- 
land cotton of removing by hand, at 
weekly intervals for 1 to 9 weeks, all 
squares over 6 or 7 days old and of re- 
moving, at weekly intervals for 7 to 11 
weeks, from 10 to 50 per cent of the 
squares, indicated that the square re- 
moval would result in a reduction of 
yield. The greater square production 
which followed dusting with calcium ar- 
senate in the absence of an appreciable 
number of boll was not mani- 
fested in increased yield.—-8-12-45. 


weevils 
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New Jersey Mosauiro AssociaTION 
TO MEET 


The thirty-first annual meeting of the New Jersey 
Mosquito Extermination Association will be held at 
the Hotel Madison, Atlantic City, New Jersey, on 
March 15, 16 and 17, 1944. 
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Calcium Arsenate With and Without Cube and Nicotine for 
Control of the Boll Weevil and the Cotton Aphid, 
at Tallulah, La., in 1942 


M. T. Youna, G. L. Garrison, and R. C. Garngs, U. 8S. D. A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine! 


Applications of calcium arsenate for 
control of the boll weevil, Anthonomus 
grandis Boh., are usually followed by an 
increase in populations of the cotton 
aphid, Aphis gossypii Glov., which may 
greatly reduce the yield. In certain cases 
the grade of the cotton may be lowered. 
Aphids were prevented from increasing 
to injurious numbers by the addition of 
1 per cent of nicotine to all applications 
of calcium arsentate or 2 per cent of nico- 
tine to alternate applications (Young ef al. 
1942). Cotton aphids have been controlled 
with a mixture containing 3 per cent of 
nicotine (Gaines 1942). In experiments 
during 1942 calcium arsenate was mixed 
with several aphicides. Cube, nicotine sul- 
fate, and a commercial nicotine dust con- 
taining free nicotine were used. Mixtures 
containing 2 per cent of nicotine were ap- 
plied at different times of the day. 

Plots were either 20 or 22 rows in width 
and of sufficient length to contain 0.25 
acre or more. The plots were arranged in 
randomized blocks and each treatment, 
including checks, was _ replicated five 
times in each experiment. 

Records of vield and of boll weevil and 
aphid infestations were made on the four 
center rows (0.05, 0.04, or 0.03 acre) in 
each plot. The methods of making these 
records have been discussed previously by 
the writers (Young et al. 1942, Gaines 
1942). 

Calcium arsentate of the same brand 
was used whether it was applied alone or 
in mixtures. It contained 40.5 per cent of 
total arsenic pentoxide (As:O;), 8.7 per 
cent of water soluble arsenic pentoxide 
(Geneva method), and 14.7 per cent of 
free lime. The cube contained 5 per cent 
of rotenone and 19.9 per cent of total ex- 
tractives, the nicotine sulfate contained 
40 per cent of nicotine, and the nicotine 
dust contained 10 per cent of free nicotine. 
The method of making the mixtures and 

' The authors were assisted in the field by M. V. Le Blanc, 
R. W. Goza, 5S. C. Bray, and N. W. Thomas. All chemical 
analyses reported in this paper were made by the Division of 


Insecticide Investigations of the Bureau of Entomology and 
Plant Quarantine. 


applications has been discussed previously 
by the writers (Young et al. 1942; Gaines 
1942). 

Applications were made with rotary 
hand dusters at 4- to 5-day intervals, the 
number depending upon the degree of 
infestation and the number washed off by 
the rain within 24 hours. All blocks re- 
ceived 4 effective applications except 
Block 5 of Experiment 2, which received 
5 effective applications. 

In experiment 1 (Table 1), in which the 
boll weevil infestation was extremely 
light in all plots, calcium arsenate alone 
and all mixtures of calcium arsenate with 
cube, nicotine sulfate, or nicotine dust 
were equally effective in controlling the 
weevil. The best aphid control and the 
highest yield are associated with separate 
applications of calcium arsenate alone and 
a mixture of tobacco dust, lime, and nico- 
tine sulfate containing 3 per cent of nico- 
tine (treatment J). Late-afternoon appli- 
cations of calcium arsenate and nicotine 
sulfate containing 1 per cent of nicotine 
(I) gave effective control of the cotton 
aphid and were followed by a yield some- 
what higher than that of the check (A), 





ee. 
4 x 


170 1900 2100 














Yield per acre 


Fic. 1.—Regression of aphids per square inch on 
yield per acre in experiment 1. Correlation co- 
efficient = —0.84 a highly significant value. 
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Table 1.—Boll weevil and cotton aphid infestations and cotton yields following 
various insecticide treatments. 








SEASONAL AVERAGE 

YIELD OF 
SEED 

( OTTON 


Aphids per 


Square 


Squares 
Punctured by 


TREATMENT Boll Weevils Inch PER ACRE 
PerCent Angle’ Number Pounds 
Experiment 1 
A—Check 10 18.6 5 1821 
B—Calcium arsenate, late afternoon 6 14.4 33 1502 
C—Calcium arsenate and cube, 0.5 per cent rotenone, early 
morning 6 14.0 17 1612 
D—Calcium arsenate and cube, 0.5 per cent rotenone, late 
afternoon 8 16.9 10 1776 
E—Calcium arsenate and nicotine sulfate, 0.5 per cent nico- 
tine, late afternoon 6 13.7 19 1665 
F —Alternate applications of calcium arsenate alone and a 
mixture of calcium arsenate and nicotine sulfate, 1 per 
cent nicotine, late afternoon 6 14.5 i) 1703 
G—Alternate applications of calcium arsenate alone and a 
mixture of calcium arsenate and nicotine sulfate, 2 per 
cent nicotine, late afternoon 7 15.6 7 1772 
H—Calcium arsenate and nicotine dust, 1 per cent free nico- 
tine, late afternoon 6 14.4 12 1777 
I —Calcium arsenate and nicotine sulfate, 1 per cent nico- 
tine, late afternoon 6 13.8 8 1955 
J —Late afternoon applications of calcium arsenate alone for 
boll weevil control and of a mixture of tobacco dust, 
lime, and nicotine sulfate containing 3 per cent nicotine 
as needed for cotton aphid control 6 14.7 2 2107 
Minimum significant difference: 
5 per cent level - 5 307 
1 per cent level 7 $11 
Experiment 2 
A —Check 80 $3.5 5 2012 
Early morning applications: 
B—Calcium arsenate alone 13 21.1 22 1867 
C —Alternate applications of calcium arsenate alone and 
a mixture of calcium arsenate and nicotine sulfate, 
2 per cent nicotine 11 19.1 6 2091 
D—Alternate applications of calcium arsenate alone and 
a mixture of calcium arsenate and nicotine dust, 
2 per cent free nicotine 13 20.7 7 2050 
Midday applications: 
1—Same as B 14 22.1 16 1632 
F —Same as C 15 23.1 16 1852 
G—Same as D 19 25.8 13 1700 
Late afternoon applications: 
H—Same as B 14 21.8 17 1707 
I —Same as C 16 23.7 5 2115 
J —Same as D 16 23.5 5 1933 
Minimum significant difference: 
5 per cent level §.2 6 280 
7.0 9 378 


1 per cent level 





1 In the transformation of the percentage to angles the square root of the percentage is the sine 


Alternate applications of calcium ar- 
senate alone and a mixture of calcium ar- 
senate and nicotine sulfate containing 2 
per cent of nicotine (G) gave a slightly 
lower aphid count and a slightly higher 
yield than the similar treatment which 
contained only 1 per cent of nicotine (F); 
the differences, however, were too small 


of the angle 


for significance. Late-afternoon applica- 
tions of calcium arsenate and cube con- 
taining 0.5 per cent of rotenone (ID) were 
more effective against aphids and were 
followed by a slightly higher yield than 
early-morning applications (C); the dif- 
ference in yield, however, was too small 
for significance. From the plots treated 
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with the mixture of calcium arsenate and 
nicotine sulfate containing 1 per cent of 
nicotine (I) a lower aphid count and a 
somewhat higher yield were obtained than 
from the plots treated with the mixture of 
calcium arsenate and nicotine dust con- 
taining 1 per cent of free nicotine (H); 
the differences, however, were too small 
for significance. Applications of calcium 
arsenate alone (B) were followed by the 
highest aphid infestation and the lowest 
yield, which, owing to aphid injury, was 
significantly lower than that of the check 
(A). The relation between aphid infesta- 
tion and yield is shown in figure 1. 

In experiment 2 (Table 1), in which the 
boll weevil infestation was light in all 
plots, a higher infestation of aphids devel- 
oped in the plots treated with calcium ar- 
senate alone early in the morning (B) 
than in those treated at either midday (E) 
or late in the afternoon (H). Alternate ap- 
plications of calcium arsenate alone and 
a mixture of calcium arsenate and nicotine 
sulfate containing 2 per cent of nicotine 
(C, F, 1) gave larger yields than compara- 
ble alternate applications of calcium ar- 
senate and nicotine dust containing 2 per 
cent of free nicotine (D, G, J), but the dif- 
ferences were not significant. Early-morn- 
ing and late-afternoon applications of 
both nicotine mixtures (C, D, I, J) gave 
effective control of aphids as contrasted 
with the infestations following similar 
treatments made at midday (F, G); fur- 
thermore, the aphid infestations following 
all three midday applications (E, F, G) 
were significantly higher than that of the 
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check (A). Calcium arsenate alone and all 
mixtures were effective against the boll 
weevil in contrast to the check. Owing 
to aphid injury, the yields following the 
applications of calcium arsenate alone 
were consistently lower than the yield of 
the check, and in two of the three com- 
parisons the differences were significant. 
The relation between aphid infestation 
and yield is shown in figure 2. 


Y 





Aphids per square inch 














i —— i L x 
1600 1700 1800 1900 2000 2100 
Yield per acre 
Fic. 2.—Regression of aphids per square inch on 


yield per acre in experiment 2. Correlation co- 
efficient = —0.73 a significant value. 


These two experiments indicate that 
poisoning with calcium arsenate for a 
light boll weevil infestation may result in 
reduced yield unless an aphicide is also 


used.—6-25-43. 
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OrIENTAL Fruit Mota QUARANTINES 


Fumigation will be accepted as a condition of en- 
try of host fruits of the oriental fruit moth into Colo- 
rado at any time of the year, and into Arizona and 
Utah during the summer months, under modifica- 
tions of the quarantines issued June 19, October 25, 
and September 22, 1943, respectively. 

The list of host plants is extended under the Ari- 
zona quarantine to include loquat, California ever- 
green cherry, Catalina cherry, and Carolina cherry, 
Cotoneaster parneyi and Photinia arbutifolia. The 
Utah quarantine includes all but the two latter spe- 
cies. The areas are extended to apply to Kansas, 


Nebraska, Iowa and to 11 California counties. Of the 
9 States having oriental fruit moth quarantines all 
except Nevada accept fumigation as a condition of 
entry of used containers of host fruit of the moth. 


It is reported that a meeting of the Executive and 
Uniform Quarantine Committee of the Western 
Plant Board was scheduled for August 17, 1943, at 
Reno, Nevada, at which time it was expected that 
the board would give consideration to the adoption 
of a uniform quarantine pertaining to the oriental 
fruit moth. 











Field Studies on Insecticides for the Control of the 
Mexican Fruitfly' 


C. C. Pucwoer, J. W. Monk, and J.G. Snaw, U.S. D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine* 


Field experiments to determine the 
effectiveness of tartar emetic, copper 
sucrate, and sodium fluosilicate in the 
control of the Mexican fruitfly, Anastre- 
pha ludens Loew, in northern Mexico were 
designed to permit treatment of data by 
well established methods of statistical 
analysis. Although the conclusions deter- 
mined from the data of one season are 
valid only for that season, they are be- 
lieved to be sufficient to indicate the de- 
sirability of further studies on the in- 
secticides tested. 

EXPERIMENTAL ProcepurE.—The se- 
lection of suitable groves of trees was de- 
termined by (1) size and uniformity of 
trees, (2) similarity of blocks of four plots 
each of desirable size and shape in each 
grove, and (3) high population of fruit- 
flies. The several blocks of trees were un- 
avoidably diverse as to size and variety 
of citrus (Table 1). Each block was di- 
vided into four plots as nearly alike as 
possible. Three of them received applica- 
tions of insecticides while the fourth one 


= 
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Table 1.—Summary of number, age, and prin- 
cipal variety of citrus trees in each block. 











AGE IN NUMBER OF 
YEARS TREES 
Princi- 
(Esti- pal 
Biock mated) Variety Total 
North Washington na- 
vel orange grove 25 629 713 
South Washington na- 
vel orange grove 25 935 1059 
Santa Engracia grape- 
fruit grove 16 88 159 
El Carmen grapefruit 
grove 10 2144 7192 
Valencia orange grove 13 692 1018 





1 Marsh seedless variety. 

* Includes 108 Washington navel orange trees and 41 Marsh 
seedless grapefruit trees. 

4 Also 11 avocado trees. 


! The work on which this manuscript is based was carried on 
in the Division of Fruitfly Investigations with the cooperation 
of the Division of Mexican Fruitfy Control, Bureau of En- 
tomology and Plant Quarantine, U. S. Department of Agricul- 
ture: la Secretaria de Agricultura y Fumento, Mexico; and José 
Martinez Gomez and Enrique Benitez. proprietors of Hacienda 
de Santa Engracia and Hacienda F!] Carmen. respectively. 

* The authors are indebted to their colleague Donald F. Starr 
for much assistance on the application of statistical methods of 
analysis. 


remained untreated. Treatments were as- 
signed to the plots at random. 

The use of glass fly traps furnished a 
convenient and practical method for 
measuring fly population over a period of 
time both before and after applications of 
insecticides. Traps were suspended within 
the dense foliage of trees. Traps were 
hung in both grapefruit and Washington 
navel orange trees in the plots at El Car- 
men but in the other plots they were kept 
only in the trees of the dominant variety, 
the name of which was used to distin- 
guish each block of trees. One trap was 
suspended in each of the selected trees 
in the Valencia block and in both navel 
orange blocks. Two traps, placed as far 
apart as possible, were hung in each of 
the selected grapefruit trees in the grape- 
fruit blocks at Santa Engracia and El 
Carmen. The identity and exact location 
of each trap were maintained throughout 
the season. Traps were confined to trees 
in a central area in each plot. The num- 
ber of border rows between the outer- 
most rows of traps and the outer mar- 
gins of the plots varied in the several 
blocks and there were at least four border 
rows in the plots of the South Washington 
navel orange block and only one border 
row in plots of the Santa Engracia grape- 
fruit block. All blocks of trees were sur- 
rounded by citrus trees. 

Each trap was filled almost to the brim 
of the invaginated part with 290 cc. of 
solution freshly prepared with 80 g. of 
crude brown sugar dissolved in 1 liter of 
water. Traps were allowed to remain in 
trees for periods ranging from 4 to 8 days, 
the length of time depending on the oc- 
currence of rain, rapidity of evaporation 
of the lure, and the number of moths and 
flies captured. When a trap was taken 
down for examination of contents, the 
cork was removed and the contents poured 
on to a 16-mesh wire screen supported by 
a heavy wire frame and handle. After re- 
moval of fruitflies, the trap was again 
filled with lure and replaced in its proper 
position in the tree. Traps were examined 
in definite order and the examination of 
all traps in one or more blocks was com- 
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pleted on the same day. Two days were 
required for the examination of the 536 
traps in the 5 blocks of trees. Traps were 
washed when dirty—usually about once a 
month when large numbers of flies and 
moths were captured. Care was taken to 
use similar amounts of water in the wash- 
ing and rinsing of traps in each plot. 
This was done in order to have about the 
same inoculation of wild yeasts in the 
traps of each plot. Traps were examined 
previous to spraying of the trees and were 
allowed to remain empty in the trees 
while these were being sprayed. As a 
rule, traps were filled with lure on the 
day following the termination of spray 
application in each block. 

The insecticides used in these field ex- 
periments were as follows: (1) Tartar 
emetic or potassium antimony! tartrate, 
K(SbO)C,H,0O.+ $H,0, commercial grade, 
powdered. It was used at the rate of 4 
pounds in 100 gallons of aqueous solution 
containing 20 pounds of granulated sugar. 
Tartar emetic is completely soluble at this 
dilution. (2) Copper sucrate (Plummer 
1938), the formula of which is probably 
Cu(OH).-CyHe2On, prepared with com- 
mercial grades of cupric sulfate, sodium 
hydroxide, and sucrose and the concen- 
trate used at the rate of 4 pounds of dried 
material in 100 gallons of aqueous solu- 
tion. This insecticide is partially soluble at 
this dilution. (3) Sodium fluosilicate, or 
sodium silico-fluoride, NaSiks, commer- 
cial grade, powdered, used at the rate of 
$ pounds in 100 gallons of aqueous solu- 
tion containing 20 pounds of granulated 
sugar. This material is completely soluble 
at the dilution used. 

The plan in spraying the 2352 trees of 
the spray plots was to cover the fruit and 
foliage with a fine mist, care being taken 
not to apply amounts that would result 
in excessive run-off. Application of sprays 
at a pressure of 400 pounds and with spray 
guns having a disk opening of .048 inch 
was most satisfactory and was the usual 
procedure. 

General observations over a period of 
# vears have led to the belief that: as 
little as 0.01 inch of rain removed con- 
siderable amounts of water-soluble in- 
secticides from the fruit and foliage of 
trees. Dews were often sufficiently heavy 
to wet the trees thoroughly. Undoubtedly 
some of the insecticide was lost in solution 
when dew dripped from the foliage. As a 
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general practice, trees were sprayed about 
every 3 weeks if precipitation in excess of 
0.02 inch did not necessitate more fre- 
quent applications. Traps were examined 
as soon as possible after cessation of rain, 
trees were sprayed, and traps were filled 
with lure. Not infrequently some delay 
in spraying was occasioned by the muddy 
condition of groves following irrigation or 
prolonged rain. 

Data Previous TO THE APPLICATION 
or Insecticipes.—Flies were trapped 
during four trapping periods previous to 
the application of insecticides in order to 
determine the uniformity of the popula- 
tion of each block by means of analysis of 
variance. The fly population was low early 
in the season, and for this reason records 
were grouped to eliminate, in so far as 
possible, the number of zeros appearing in 
tabulations. The number of traps per 
group ranged from $3 in the North Wash- 
ington navel orange block to 6 in the El 
Carmen grapefruit block (Table 2). To 
the actual number of flies captured in each 
group 0.5 was added and the square root 
extracted. The number 21.88, as given 
under tartar emetic in line 1 of table 2, 
represents the sum of the square roots of 
n+0.5 for the 10 groups of fly captures in 
that plot. The total number of flies was 
actually 47. The reason this method was 
followed is that extensive studies by Starr! 
on the capture of Mexican fruitflies in 
glass fly traps have shown that such data 
are not distributed normally. Starr fol- 
lowed a method of square root trans- 
formation described by Bartlett (1936) 
and found that skewness of distribution 
was reduced and more nearly normal de- 
partures from a mean were obtained when 
the square root of the number of flies was 
extracted. The addition of 0.5 to the 
number of flies recorded in each group re- 
duced the error that might be introduced 
through the inclusion of zeros in the 
tabulation. A summary of data recorded 
previous to spray application and of the 
analysis of variance are shown in table 2. 

In the analysis of variance (Table 2), 
tests of significance were made by means 
of the variance ratio, F (Snedecor, 1940). 
Significance between periods is to be ex- 
pected owing to fluctuations in fly popula- 
tions in citrus groves. Plots were chosen 
with much care, and homogeneity of fly 
population might be expected previous to 

' Starr, Donald F. Unpublished data. 1939. 
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Table 2.—Summary of numbers of adults of Anastrepha ludens, in terms of \/n+0.5, captured in 
each plot previous to the application of insecticides. 








Sum or Group Captures or F.iies, EXPRESSED As 
4/n+0.5, IN Eacu Piotr 











Tartar Copper Sodium | 
PerRiop Emetic Sucrate Fluosilicate Untreated Total 
North Washington Navel Orange Block (10 groups of 3 traps) | 
Oct. 
9-14 21.88 25.33 26.51 26.22 99.94 
14-19 22.07 17.69 20.06 22.36 $2.18 | 
19-24 23.07 24.51 23.95 24.66 96.19 
24-29 22.82 25.09 20.12 23.20 91.23 
Total 89.84 92.62 90. 64 96.44 369.54 
South Washington Navel Orange Block (10 groups of 4 traps) 
Oct. 
9-14 22.83 33.83 29.06 39.51 125.23 
14-19 18.42 27.04 18.93 $2.54 96.93 
19-24 17.11 24.17 25.64 30. 67 97.59 
24-29 31.08 35.83 30.23 37.39 34.458 
Total 89.39 120.87 103.86 140.11 54.23 
Average 22.35 30.22 25.97 35.03 28.39 
Santa Engracia Grapefruit Block (4 groups of 4 traps 
Oct. 
10-15 11.99 10.99 10.73 9.87 43.58 
15-20 9.35 10.24 10.46 11.22 $1.27 
20-25 7.02 6.15 8.46 7.77 29.40 
25-30 6.038 6.80 6.98 9.69 29.50 
Total 34.39 34.18 36.63 38.55 143.75 
El Carmen Grapefruit Block (3 groups of 6 traps 
Oct. 
10-15 5.32 5.32 5.57 8.68 24.89 | 
15-20 4.68 4.39 +16 5.36 18.59 | 
20-25 3.87 4.68 5.57 +. 57 18.69 
25-30 6.77 5.66 4.92 7.32 24.67 
Total 20.64 20.05 20.22 25.93 86.84 
Valencia Orange Block (6 groups of 5 traps 
Dec. 
3- 8 11.37 14.84 9.63 9.89 $5.73 
8-15 14.77 14.08 12.69 14.50 56.04 
15-22 16.27 13.22 10.91 14.32 54.72 
22-2! 13.31 12.24 9.85 10.14 $5.54 
Total 55.72 54.38 43.08 48.85 202.03 
Average 13.93 13.59 10.77 12.2] 12.63 
Analysis of Variance 
Block Mean Square 
( Plots ) 
Periods (3 DF) lreatments + DI Error (9 DF) 
North Washington Navel Orange 14.7527 2.1684 3.9169 
South Washington Navel Orange o2.1194°* 119.7181°* 6.8391 
South Washington Navel Orange 99.3190** 6.8528 9.2549 
Santa Engracia Grapefruit 14.2520°* 1.0657 1.2753 
El Carmen Grapefruit 3.1441 1.9941 8766 
Valencia Orange 7. 9879° 8.3401° 2.0148 
! Valencia Orange 8. 1800* 2.0286 1.9815 





t Corrected data. * Significant. 


treatment. Nevertheless, highly signifi- 
vant differences are shown between the 
number of flies captured in plots of the 
South Washington navel orange block and 
significant differences between fly cap- 
tures in the plots of the Valencia orange 
block (Table 2). Fortunately, Starr' has 


! Starr, Donald F. Personal communication. 


** Highly significant. 


shown us a method for the correction of 
data in blocks where differences between 
plots are significant. This correction re- 
moves variations due to differences in fly 
catch in the several blocks without re- 
moving any of the natural variation due 
to random trapping. The formula is as 
follows: 





oc 
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where x,=the corrected value. 

x =the observed value of one period total un- 
der one treatment. 

¥ =the average value for 4 periods under one 
treatment. 

z< =the average of the block total. 

s,=the standard deviation for treatments, 
i.e., the square root of the mean square 
for treatments. 

s.=the standard deviation for periods X 
treatments (error), i.e., the square root 
of the mean square for periods X treat- 
ments. 


Analysis of variance of corrected data 
gave a variance ratio (F) of 1.35 for data 
recorded in the South Washington navel 
orange block and 1.02 for data of the 
Valencia orange block. Both ratios are 
close to unity. 

Data ArrerR APPLICATIONS OF IN- 
secticipes.—The trees in the plots of 4 
of the 5 blocks were sprayed between 
October 31 and December 7, 1938, and 
in 3 of the 5 blocks between May 20 and 
June 13, 1939, but trapping records during 
these periods were omitted from analyses 
in order that only the trapping data re- 
corded from all 5 blocks between Janu- 
ary 4 and April 26, 1939, might be con- 
sidered. The numbers of flies captured 
were grouped by traps, 0.5 was added to 
each group number, and the square root 
was extracted in the manner followed 
previous to spraying. Records taken dur- 
ing 11 trap-exposure periods were com- 
bined into 6 periods. The same method 
was followed in all blocks. Fly captures 
after spray application and analysis of 
variance for periods and treatments are 
included in table 3. Highly significant 
differences between periods are shown in 
each of the five blocks. Highly significant 
differences are shown between treatments 
in 4 blocks and significant differences in 
one block upon analysis of uncorrected 
data (Table 3). Correction of data in 2 
blocks, using the factors calculated from 
trap captures previous to spray applica- 
tion, resulted in a change from highly 
significant to nonsignificant differences 
betwecn treatments in the South Wash- 
ington navel orange block. In the Valencia 
orange block differences between treat- 
ments remained highly significant when 
data were corrected (Table 3). The appli- 
cation of correction factors calculated 
from data recorded previous to spray ap- 
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plication to data recorded after spray 
application might be questioned and, as 
pointed out by Wadley,' it is desirable not 
to make corrections or adjustments if the 
data will answer the questions without it. 
Data included in table 3 were rearranged 
as 3 two-way tables and analyzed for 3 
criteria (Table 4). The variance ratio, F, 
for treatments was 21.87, as compared 
with 4.02, the theoretical value for F at 
the 1 per cent point of significance. When 
trap captures in the South Washington 
navel orange and Valencia orange blocks 
were corrected, the variance ratio for 
treatments was 15.53, a value also con- 
siderably above the highly significant 1 
per cent point of 4.02. 

Following the usual procedure, two- 
way interactions (block-period, etc.) are 
considered as the discrepance or error for 
testing the significance of variances of 
block, period, and treatment. The three- 
way interaction (block-period-treatment) 
is used as the discrepance to test the sig- 
nificance of two-way interactions. It is 
shown in table 4 that there is not only a 
large variation in periods (period + block- 
period) but a very definite shift in re- 
sponse to periods from block to block 
(block-period + block-period-treatment). 
This would be expected owing, among 
other factors, to natural variation in fly 
population within blocks comprised of 
different varieties of citrus. There is no 
significant differential effect of period and 
treatment (period-treatment + block-pe- 
riod-treatment). This is interpreted to 
mean that relative variation in the plots 
was about the same and that no “pro- 
gram effect” was brought about by re- 
peated spraying of trees throughout the 
season. The nonsignificance of the inter- 
action of period-treatment might justify 
the application of correction factors com- 
puted from fly captures recorded previous 
to spraying to similar data recorded after 
spraying. Manifestly, there is no cer- 
tainty that interplot variations in fly 
population would remain the same at all 
seasons of the year. The interaction of 
block and treatment (block-treatment 
+block-period-treatment) shows a dif- 
ferential in response to treatments from 
block to block. This would be expected 
in so far as blocks varied as to size, loca- 
tion, varieties of citrus, and condition and 
size of trees. 


1 Wadley, F. M. Official communication. 
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Table 3.—Summary of numbers of adults of Anastrepha ludens, in terms of \/n +0.5, captured in 
each plot after applications of insecticides. 








Sum or Group Captures or Fires, Expressep As 
V/n+0.5, IN Eacn Piotr 








Tartar Copper Sodium 
Periop Emetic Sucrate Fluosilicate Untreated Total 
North Washington Navel Orange Block (10 groups of 3 traps) | 
l 16.98 20.34 20.06 28 .20 80.58 
2 24.72 24.82 24.70 30.38 104.62 
3 19.21 27.60 26.07 29.52 102.40 | 
4 18.79 21.34 21.35 22.62 84.10 
5 31.32 40.00 36.23 40.76 148.31 
6 18.72 20.61 22.73 23 .09 85.15 
Total 129.74 154.71 151.14 169. 57 605.16 
South Washington Navel Orange Block (10 groups of 4 traps) 
(Correction factors (not applied here) are as follows:) 
1. 20566 0.953892 1.07091 0.85575 
l 16.76 21.45 28.75 27.58 94.54 
2 20.91 26.81 33.47 25.56 106.75 
3 27.33 41.24 $2.33 $1.71 142.61 
‘ 25.65 31.53 28.49 80.49 116.16 
5 32.43 44.79 $1.27 50.19 168.68 
6 19.55 24.60 21.538 20.81 86.49 
Total 142.63 190.42 185.84 196.34 715.23 
Santa Engracia Grapefruit Block (4 groups of 4 traps 
| 11.98 18.49 13.69 16.69 60 85 
2 26.20 33.76 338 .07 29.838 122.86 
3 24.89 27.7 34.99 25.68 113.27 
+ 22.00 23 .69 $31.49 24.01 101.19 
5 40.138 45.23 55.64 $5.94 184.94 
6 21.47 28.74 27 . 87 24.89 102.97 
Total 146. 67 175.62 196.75 167.04 686.08 
El] Carmen Grapefruit Block (3 groups of 6 traps 
l 11.56 12.41 9.99 18.69 52.65 
2 86.46 32.29 835.85 $4.05 148.65 
3 23.95 25.73 28.14 28.94 106.76 
+ 20.32 18.57 21.93 17.47 78.29 
5 40.79 $6.55 44.96 49.65 181.95 
6 24.54 28.46 28.82 34.29 115.91 
Total 157.42 164.01 169.69 193.09 684.21 
Valencia Orange Block (6 groups of 5 traps) 
Correction factors (not applied here) are as follows 
0.95255 0.96408 1.08782 1.01749 
] 18.15 25.12 21.92 21.31 86.50 
2 37.89 52.60 47.31 48.75 186.55 
8 35 . 57 61.40 48.26 53.55 198.78 
4 31.81 50.84 50.79 40.91 174.35 
5 68.36 95.08 87.59 91.60 $42.68 
6 $8.83 67.82 50.81 63.68 221.14 
Total 230.61 352.86 306.68 319.80 1209.95 
Analysis of Variance 
Block Mean Square 
Periods (5 DF) Treatments (3 DF) Error (15 DF) 
North Washington Navel Orange 160.3496*°* 45.0155°* 2.9781 
South Washington Navel Orange 241.9801*°* 100 .0281** 14.8903 
1 South Washington Navel Orange 234.9847°* 31.8121 10.7909 
Santa Engracia Grapefruit $11.0737°* 71.7198°* 8.7274 
El Carmen Grapefruit 545.6455°* 40.1639° 7.6409 
Valencia Orange 1724.8140°* 4$45.6146°* 23. 5896 
1 Valencia Orange 1750. 9338** 541.78@5** 27.4863 


1 Corrected data using factors shown in table * Significant. ** Highly significant. 
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It has been shown that the variate of 
periods was of little importance and 
analysis of variance is more simplified 
with its omission. In an aypalysis involving 
only blocks and treatment, the variance 
ratio, F, for the uncorrected data was 
6.17. Since this value is greater than 
5.95, the theoretical value for F at the 1 
per cent point of significance, differences 
between treatments may be regarded as 
highly significant. The differences be- 
tween the mean number of flies in terms 
of \/n+0.5 taken in tartar emetic plots 
and the respective means for the copper 


gucrate, sodium fluosilicate, and un- 


PLUMMER EFT AL.: CONTROL OF THE MEXICAN FRUITFLY 


909 


Alister (1936) in Florida indicated that 6 
successive applications of spray composed 
of 8 pounds of tartar emetic, 5 gallons of 
molasses, and 100 gallons of water did not 
injure the foliage of avocado, guava, hog 
plum, and sugar apple trees. The United 
States Bureau of Entomology and Plant 
Quarantine (1935) reported that a spray 
composed of 8 pounds of tartar emetic and 
5 gallons of molasses in 100 gallons of 
aqueous solution injured trees upon re- 
peated application in Florida but had no 
ill effect when applied as a mist. It re- 
ported later (1937) that 69 applications 
of sprays prepared by the same formula 


Table 4.—Analysis of variance of numbers of adults of Anastrepha ludens, in terms of \/n+0.5, 
captured in all plots after applications of insecticides. Data of table 3 rearranged as 3 two-way 





tables for this analysis. 


DEGREES OF Sum o1 


FREEDOM 


SOURCE OF 


VARIATION SQUARES 


Block 





MEAN 
SQUARE 


ey VARIANCE 
Ratio (F) 





t 9900 .74138 2475.18538 
Period 5 11427 .7964 2285 .5598 
Treatment 3 1279.0655 \o> gro 4060 426 3552 21.87 
Block-Period 20 3991. 2681 , 199.5634 
Block-Treatment 12 828.5608 69 .0467 
Treatment-Period 15 | on 244.9944 ek One 16.3330 
Block-Period- ad 1,695 9561 
Treatment 60 622.4014 10.3733 
Total 119 28 294.8274 
1695 .9561 $26 3552 
= 19.4937 = 21.87 
87 19.4957 
treated plots all exceeded 39.33, the and applied as a mist had no injurious 


theoretical value for the 1 per cent level 
of significance. 

The reduction in fly population appar- 
ently brought about by applications of in- 
secticides amounted to 41.2 per cent in 
tartar emetic plots and 1.6 per cent in 
copper sucrate plots. In the sodium fluo- 
silicate plots 6.8 per cent more flies were 
captured than in the untreated plots. It 
is believed that, under conditions in 
Santa Engracia, Mexico, and _ vicinity, 
where the fly population is sufficiently 
high in some seasons to cause commercial 
damage to citrus, a reduction of 41.2 per 
cent of the flies would not lessen commer- 
cial damage an appreciable amount. 

Errects OF APPLICATIONS OF TARTAR 
Emetic.—Zetek' sprayed several mango 
and citrus trees with sprays containing as 
much as 40 pounds of tartar emetic in 100 
gallons of solution. No burning, yellowing, 
or shedding of leaves of these trees was 
noted. Subsequent observations by Me- 


1 Zetek, James. Unpublished data. 1932. 


effects on citrus fruit or trees in Florida. 
Spencer & Osburn (1938) mentioned that 
investigators of the United States Bureau 
of Plant Industry observed burn on citrus 
fruit when heavy applications of a “‘wash- 
ing” tartar emetic spray were applied in 
periods of scant rainfall. They add that 
the ““droplet” method was found to be the 
safer procedure. This latter method of 
application, which is understood to be 
the same as a mist, has been followed for 
more than 4 years in Mexico and no foliage 
or fruit injury has been noticed. 

The harmful effect of arsenical sprays 
on the quality of citrus fruit has been 
known for many years and has been 
studied by many investigators. Antimony 
is closely related to arsenic chemically, 
and for that reason it is important to 
know whether applications of tartar emet- 
ic would adversely affect the quality of 
citrus fruits. The quality of citrus fruit 
is usually indicated by the magnitude of 
the ratio between the percentage of solu- 
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ble solids determined by means of a Brix 
sugar hydrometer and acidity determined 
as citric acid by titration. The juice of a 
mature Florida grapefruit, according to 
Krome (1924), contains not less than 7 
parts of soluble solids to each part of 
anhydrous citric acid. The ratio for early 
oranges is about 8 to 1. These ratios in- 
crease markedly when harvesting of fruit 
is delayed for several months. Fruit from 
trees sprayed with arsenicals shows very 
high ratios. A ratio as high as 124 was in- 
cluded in a publication by Nelson & 
Mottern (1932). They state that such 
“heavily sprayed fruit has an acidity of 
about one-fifth of the normal.” 

Methods described by Nelson & Mot- 
tern (1932) were followed in these studies. 
The only departure from their methods 
was that soluble solids and citric acid 
were determined from samples of the total 
juice extracted from three fruits picked 
from one tree. 

It appears to be a well-established fact 
that changes in the composition of fruit 
take place when arsenical sprays are 
applied on trees in bloom or when fruit is 
very small. For that reason it can not be 
expected that altered composition of fruit 
would be shown in the spring by tests 
made on fruit that was mature or nearly 
mature the previous fall when sprays 
were first applied. It follows that trees 
would have to be sprayed for at least two 
successive seasons before one could expect 
to detect altered quality of fruit. The 
average ratios, Brix/acidity, for Marsh 
seedless grapefruit from trees that had 
received applications of tartar emetic for 
as many as two successive seasons and for 
Valencia oranges that had received appli- 
cations of the same insecticide for as 
many as three successive seasons were 
determined. The ratios for Valencia 
oranges were all high, 24.1 to 30.2, in 
1937 owing to the very ripe condition of 
the fruit at the time determinations were 
made. Some variation was shown in the 
size of ratios from treated and untreated 
plots but these were so small that they 
can be considered negligible. It is con- 
cluded from these tests that the quality 
of the fruit was not affected by repeated 
applications of sprays containing tartar 
emetic. 

Summary.—In field experiments to de- 
termine the effectiveness of tartar emetic, 
copper sucrate, and sodium fluosilicate in 
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the control of the Mexican fruitfly, Ana- 
strepha ludens Loew, 5 blocks of citrus 
trees, consisting of 15 spray plots and 5 
untreated plots, were selected and pre- 
liminary data on the abundance of fruit- 
flies accumulated by the use of traps 
previous to the application of the in- 
secticides. Analysis of variance of these 
data showed that the fly population in 
the plots of the South Washington navel 
orange and Valencia orange blocks varied 
significantly. Data were therefore cor- 
rected. 

Upon completion of preliminary trap- 
ping, every attempt was made to keep 
tartar emetic, copper sucrate, and sodium 
fluosilicate on the fruit and foliage of the 
trees in the spray plots. Analysis of vari- 
ance of the number of fruitflies, in terms 
of \/n+0.5, captured between January 4 
and April 26, 1939, showed highly signifi- 
cant differences between treatments. The 
variance ratio (fF) was 21.87 for uncor- 
rected data and 15.53 when the data of 
the South Washington navel orange block 
and the Valencia orange block were cor- 
rected by factors calculated from fly cap- 
tures recorded previous to application of 
insecticides. Both ratios exceeded 4.02, 
the theoretical value for F at the 1 per 
cent point of significance. 

Analysis of variance showed that there 
was a large variation in periods and a very 
definite shift in response to periods from 
block to block. There was no significant 
differential effect of period and _ treat- 
ment. The interaction of block and treat- 
ment showed a differential in response to 
treatments from block to block. 

The variate of periods was of little 
importance, and, when omitted, the vari- 
ance ratio, Ff, showed highly significant 
differences between treatments. The dif- 
ferences between the mean number of 
flies taken in tartar emetic plots and the 
respective means for copper sucrate, 
sodium fluosilicate, and untreated plots 
were all highly significant. 

The reduction in fly population, appar- 
ently brought about by the applications 
of insecticides, amounted to 41.2 per cent 
in the tartar emetic plots and 1.6 per cent 
in the copper sucrate plots. In the sodium 
fluosilicate plots 6.8 per cent more flies 
were captured than in the untreated 
plots. It is believed that a reduction of 
41.2 per cent of the flies would not lessen 
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commercial damage an appreciable extent 
in seasons when the fly population is 
sufficiently high to cause commercial 
damage. 

Evidently the fruit and foliage of citrus 
trees were not injured by sprays contain- 
ing tartar emetic when small amounts 
were applied as a mist. 
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The quality of Marsh seedless grape- 
fruit from trees that received repeated 
applications of tartar emetic sprays dur- 
ing two seasons was not affected. This 
was also true for Valencia oranges from 
trees that were sprayed with similar 
sprays for three consecutive years.— 
8-7-43. 
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Toxicity of Nicotine Aerosols to the Green Peach Aphid, 
Under Greenhouse Conditions 


FLoyp F. Smitu and L. D. Goopuvr, U.S. D. A., Agr. Res. Adm., Bureau of Entomology 


and Plant Quarantine 





Attempts to overcome the low vola- 
tility of nicotine have resulted in the 
development of several methods of ob- 
taining a sufficient concentration in air to 
permitits use as a fumigant. Florists have 
painted a so-called volatile nicotine con- 
centrate on the heating pipes or have 
burned piles of slowly combustible nico- 
tine powders or impregnated papers on 
the walks. Savage (1932) utilized the heat 
from an internal combustion engine, and 
Schulz (1922) and McConnell (1937) de- 
veloped practical methods of handling 
combustible mixtures. These methods de- 
pend on heat for the formation of nicotine 
vapors and aerosols at a sufficiently high 
concentration to give a fumigating action. 
The Savage method requires considerable 
equipment and is not suited for green- 
house use. The combustible mixture in a 
pressure can, which is very convenient to 
use, has largely replaced the older meth- 
ods. In fumigating with any combustible 
mixture, however, some of the nicotine is 


destroyed. What was most desired was a 
convenient method that would not de- 
stroy any of the insecticide. 

The liquefied-gas method described by 
Goodhue (1942) has been shown to be an 
effective method of producing aerosols of 
pyrethrum (Sullivan et al., 1942; Billings 
et al. 1942). It can be extended to the 
use of nicotine to give a very convenient 
and efficient method with no loss from 
combustion, and when dichlorodifluoro- 
methane (Freon 12) is used as the sol- 
vent, the fire hazard attending the heat 
methods is completely eliminated. 

This paper is a report on the toxicity 
to the green peach aphid, Myzus persicae 
(Sulz.), of nicotine aerosols produced by 
liberating solutions in dichlorodifluoro- 
methane, and a comparison of the results 
by this method with those obtained by 
burning a commercial preparation con- 
taining nicotine. The solvent has no in- 
secticidal value. 

MATERIALS AND Metuops.—A com- 
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mercial grade of nicotine analyzing 94.1 
per cent was used to prepare the dichloro- 
difluoromethane solutions. These solu- 
tions were held in small containers of 
about 200 cc. capacity which were fitted 
with gas-tight valves and liquid-delivery 
tubes. Each container was equipped with 
a screw plug in the side which was re- 
moved to introduce the nicotine. Mon- 
arch-type oil-burner nozzles of the ca- 
pacity of 1 gallon per hour were attached 
for spraying. Except for the screw plug, 
a diagram of this type of apparatus is 
shown in publications by Goodhue & 
Sullivan (1942) and by Goodhue (1942). 

The solutions were prepared by first 
introducing the nicotine with a graduated 
pipette into a clean container through the 
opening in the side. The opening was 
closed and the container was attached to 
a supply of the solvent through a flexible 
hose. With the container on a balance the 
required weight of solvent was run in. 
This technique was fully described by 
Goodhue & Sullivan (1942). 

The combustible mixture used for com- 
parison was a commercial product con- 
taining 14 per cent of nicotine by our 
analysis, and approximately 20 per cent 
of sodium nitrate and 65 per cent of to- 
bacco stems by the manufacturer’s state- 
ment. It was packed in a hermetically 
sealed tin can. The contents of the can 
were transferred to a fruit jar which was 
kept tightly closed, except when small 
samples were removed. The total elapsed 
time after the opening of the original 
container was only 3 weeks. 

EXPERIMENTAL PrRocepURE.—Collard 
plants in 4-inch pots and naturally in- 
fested with Myzus persicae migrating from 
snapdragon were used in all tests. In the 
early tests a paper collar was placed 
around each plant stem below the lowest 
leaves, on which the aphids could drop 
during fumigation and from which they 
were more easily collected than if al- 
lowed to drop onto the soil. The plants 
were then set in shallow pans with sticky 
banding material around the rim to con- 
fine the insects that recovered after being 
paralyzed. In later tests the paper collar 
was not used and the plants were placed 
in a horizontal position so that the aphids 
dropped directly from the foliage into the 
pan. The pots rested on a board supported 
slightly higher than the pan. 

The aerosol containers were suspended 
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by a string about 2 feet above the bench 
in greenhouse units of 1152 cubic feet 
sapacity. The valve was opened by a half 
turn of a wrench, and the container was 
given a sudden twist immediately after- 
ward that caused it to rotate during the 
2 to 3 minute period of discharge and 
thereby distribute the material more uni- 
formly through the greenhouse space. 

The powder was weighed into a 2-ounce 
salve box with two quarter-inch holes in 
the lid. This miniature pressure can was 
placed on a stand about a foot above the 
greenhouse bench and ignited with a 
match, it having been previously found 
that the sparklers furnished by the manu- 
facturer produced such intense heat that 
the small quantities of fumigant burned 
with a blaze and did not produce the de- 
sired dense smoke. 

The fumigations were begun at 4:30 
p.m., and the ventilators were left closed 
until 8:00 a.m. the following morning. 
Living aphids were counted at that time 
and the inactive or partially paralyzed 
ones were transferred with a brush to a 
collard leaf in a petri dish resting on moist 
blotting paper and held in the laboratory. 
Aphids which recovered settled on the 
leaves within 2 days, at the end of which 
time the final counts of living and dead 
were made. Observations made during the 
early stages of the fumigations showed 
that the aphids began to drop from the 
plant within a few minutes. On the follow- 
ing morning the more susceptible young 
nymphs were usually inactive, but with 
sublethal dosages larger nymphs and 
adults were either moribund or had re- 
covered from the paralytic shock and 
were walking about. Some of the appar- 
ently moribund individuals recovered dur- 
ing the period they were in the petri dish. 
They were not left in the greenhouse to 
recover because of the heat and drying 
effect of the sun. 

Where the leaves were resting on the 
paper collar or two leaves were over- 
lapping with an intervening space of less 
than a half-inch, many aphids were un- 
affected by either fumigant. In later tests 
any overlapping leaves on the plants were 
separated by use of pins through the 
stems. 

Although tests were made to compare 
the increased efficiency resulting from the 
use of a fan, definite information was not 
obtained with the nicotine and Freon 











December 1943 


Smitu & Goopnue: NICOTINE AEROSOLS 913 


Table 1.—Comparison of reduced dosages of nicotine dissolved in 





dichlorodifluoromethane and in combustible powder. 


NICOTINE IN SOLVENT 





CoMBUSTIBLE PowpER 


























AVERAGE 

Tem- Nicotine Aphids Aphids Nicotine in Aphids Aphids 
PERATURE Used In Test Killed Powder Used In Test Killed 

Grams per Grams per 

a 2 1000 cu. fet. Number Per cent 1000 cu. ft. Number Per cent 
A. Tests at one-half standard dosage, without fan 

65.3 1.39 712 100 1.27 144 56.9 

64.3 1.39 510 95.7 1.27 349 70.1 
All tests 1222 97.8 493 63.5 
B. Tests at one-half standard dosage, with fan 

69.9 1.39 676 99.6 1.27 250 40.8 

68.6 1.39 447 100.0 1.27 829 79.3 

69.3 1.39 918 99.8 1.27 364 44.8 

70.0 1.39 570 97.0 1.27 695 97.1 

74.0 1.39 371 99.7 1.27 657 80.5 
All tests 2982 99.2 2295 68.5 
C. Tests at one fourth standard dosage, with fan 

69.9 .70 522 78.1 .64 437 3.4 

72.9 .70 237 74.7 .64 519 71.3 

69.7 .70 490 73.1 . 64 228 22.7 

65.2 .70 2i9 92.2 .64 659 72.6 

68.7 70 208 87.5 .64 163 12.9 
All tests 1676 81.1 2006 36.6 
D. Tests at one-eighth dosage (freon) and one-fourth dosage (powder) with fan 

66.6 35 182 70.9 .64 857 66.4 

68.0 35 379 70.2 . 64 $27 73.4 

65.0 35 306 66.3 .64 384 57.5 

67.1 35 769 88.8 .64 1296 81.0 

68.8 .35 416 100.0 .64 304 97.0 
All tests 2052 79.2 3186 75.1 
solution, but the fan did not cause the Resutts.—The preliminary  experi- 


material to reach those aphids between 
contiguous leaves. Fans were used in all 
later tests, however, since they aided in 
giving a uniform distribution of the smoke 
from the powder. When a fan was not 
used, this material sometimes rose to the 
greenhouse roof in a narrow column, then 
descended gradually; at other times it bil- 
lowed out of the container and over the 
bench to the floor below. 

These experimental tests with the two 
materials were made in similar green- 
house units and on the same night, so 
that comparable effects of temperature in 
the greenhouse and outside weather con- 
ditions of moisture and humidity were 
obtained. In addition, where the com- 
parison was repeated several times, the 
units were used alternately with each 
material. 


ments were based on the recommended 
standard dosage of 1 pound of powder 
per 25,000 cubic feet or 2.54 grams of 
nicotine per 1000 cubic feet. Lower con- 
centrations result in kills considerably 
less than 100 per cent. In 13 preliminary 
tests on nicotine dispersed by dichloro- 
difluoromethane, the dosage was succes- 
sively reduced from 2.54 grams per 1000 
cubic feet until a mortality of consider- 
ably less than 100 per cent was obtained. 
One hundred grams of solvent was first 
used, but later all dosages of nicotine 
were dispersed in 50 grams of the solu- 
tion. Nicotine is very soluble in Freon and 
probably much less of that solvent could 
have been used. 

The results of the last four series of 
tests are shown in table 1. It was in- 
tended to have equivalent quantities of 





914 


nicotine in the powder and in the di- 
chlorodifluoromethane solution, but final 
analysis showed that amounts slightly 
different were actually used. 

Five tests were also made to compare 
the effectiveness of nicotine dispersed by 
dichlorodifluoromethane with and without 
a wetting agent. Fifty grams of the solu- 
tion containing 0.41 gram of nicotine was 
compared with the same dosage to which 
1 gram of diglycol laurate had been added. 
No change in effectiveness was noted. 

Discussion or Resutts.—In part B of 
table 1 the results are given of 5 paired 
experiments with nicotine fumigation by 
the two methods, both at half the stand- 
ard dosage, but with fans operated for 5 
minutes to give a uniform distribution of 
the fumigants. The distribution of the 
aerosol could not be observed, but the 
smoke was distributed very uniformly 
within a minute after evolution. As will 
be noted in the table, the kill of aphids 
by nicotine in the solvent was uniformly 
high, and only 23 individuals survived 
among the 2982 examined. On the other 
hand, the kill with powder was variable, 
and satisfactorily high in only 1 test. 

In part C of table 1 the same materials 
were again compared, with the nicotine 
at one-fourth the standard dosage. Again 
the solution gave a fairly uniform and 
high average kill, whereas that with the 
combustible powder varied greatly in in- 
dividual tests and averaged 44.5 per cent 
less. 

On the basis of the average kill of 68.5 
per cent with a half dosage of powder 
(part B, Table 1) and 81.1 per cent (part 
C, Table 1) by a quarter dosage of nico- 
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tine dispersed by the solvent, it appears 
that the latter was much more efficient 
than the powder. A further comparison 
of the two combinations was made in part 
D of table 1 where a one-eighth dosage of 
nicotine solution gave a slightly higher 
average kill than a one-fourth dosage in 
the powder form. Although in this experi- 
ment a comparatively high average kill 
was obtained with the powder, the results 
of individual tests varied considerably. 
The general population of aphids was less 
resistant in this series, probably because 
a greater proportion of the insects were 
in the nymphal stage. Many had de- 
veloped into winged adults and left the 
plants, whereas in the earlier tests most 
adults were wingless forms and remained 
on the plants. 

The results of the experiments led to 
the conclusion that the burning of the 
combustible mixture either destroys near- 
ly 50 per cent of the nicotine or fails to 
evolve it in an effective form. Also, the 
greater variation in the results with the 
burning mixture might indicate that the 
amount of active nicotine produced varies 
from time to time. 

Summary.—The liquefied-gas method 
of dispersing insecticides has been used to 
apply nicotine in greenhouse fumigations 
against Myzus persicae. When the nico- 
tine is dispersed in dichlorodifluoro- 
methane only about one-half as much 
nicotine is required as when it is applied 
as a constituent of a combustible powder. 
At the dosages used, the liquefied-gas 
method also gave more uniform results 
in numerous replicated tests. No fire 
hazard is involved.—8-19-43. 
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Toxicity Studies of Some Chinese Plants 


Ceci Su-stn Lee and Roy Hansperry, New York State College of Agriculture 
at Cornell University, Ithaca 


Plant insecticides have been used for 
centuries but the major advances in their 
study have come in the last twenty-five 
years. Although inorganic materials can 
generally be prepared more cheaply in in- 
dustrial countries, plants may furnish the 
only source of insecticides available in 
many areas of China during war condi- 
tions. Such plant materials as pyrethrum, 
tobacco, and rotenone-bearing roots have 
been important insecticides in United 
States because they are efficient and less 
toxic to plants and animals than aresni- 
cals and fluorine compounds. This inves- 
tigation was undertaken because it 
seemed to offer possibilities of aid to both 
China and the United States at a time 
when insecticide supplies for both coun- 
tries was a critical problem. 

These plant materials were collected by 
Dr. Shin Foon Chiu, Professor of En- 
tomology at the College of Agriculture, 
National Sun Yat Sen University, Ping- 
shek, Kwangtung province. They were 
flown out of Free China by the China Na- 
tional Aviation Corporation and shipped 
from Hong Kong a few months before the 
Japanese attack. The collection of plants 
with detailed notes on habit, habitat. and 
native uses has been described recently in 
China by Chiu & Lin (1942). A general 
discussion and listing of 150 plants of in- 
secticidal interest in China is included. 
Additional material on the plants dealt 
with in this paper is available in Lee’s 
(1943) doctoral thesis. Previous short 
articles have appeared on the two most 
promising plants, Millettia pachycarpa 
(Chiu et al., 1942), and Pachyrrhizus 
erosus (Hansberry & Lee, 1943). 

PREPARATION OF PLANT MATERIALS.— 
All plant materials were coarsely ground 
in a Wiley cutting mill. In a few cases ex- 
tractions were made from these coarsely 
ground materials. In general, however, 
the materials were reground in a labora- 
tory Raymond hammer mill which pro- 
duced a finely divided dust-like material 
for direct use as an insecticide or for ex- 
traction. Extractions were made in a 
standard soxhlet extractor, ten grams of 
material being extracted with 100 ml. of 
solvent for a period of ten hours or longer, 


depending on the solvent used. The solv- 
ent was evaporated on a steam bath and 
the residue placed in an oven for 3 hours 
at 95 to 110° C. After weighing, the resi- 
due was dissolved or suspended in acetone 
or acetone and water. The solutions or 
suspensions were of varying volume, de- 
pending on the amount of solvent neces- 
sary to suspend or dissolve the residue. 
These solutions or suspensions were used 
on the basis of their content of extract, 
all final spray preparations being made on 
the basis of dry weight of original plant 
material. Both ground materials and ex- 
tracts were placed in the dark in cold 
storage until used. 

TestinGc Metuops.—Dusts, water sus- 
pensions of the ground plants and ex- 
tracts were used. The Mexican bean bee- 
tle, Epilachna varivestis Muls., the silk- 
worm, Bombyx mori L., and the bean 
aphid, Aphis rumicis L., were depended 
on for most of the toxicity studies, al- 
though some tests were made with the 
codling moth, Carpocapsa pomonella L., 
the ugly-nest caterpillar, Cacoecia cera- 
sivorana (Fitch), the cabbage looper, 
Autographa brassicae (Riley), and the 
spring canker worm, Paleacrita vernata 
(Peck). 

In the use of dusts against the silk- 
worm, dampened leaves were dusted by 
shaking the plant material onto the leaves 
from a test tube through silk bolting 
cloth. After the leaves had dried, larvae 
were transferred to the dusted leaves and 
mortality noted after four days. With the 
first instar Mexican bean beetle larvae 
groups of insects were dusted in place on 
the leaf immediately after hatching and 
while they were still clustered on the egg 
mass. Mortality was noted after 96 hours. 

In spray tests with water suspensions 
of the ground plant material 2 grams of 
the sample was suspended in 100 ml. of 
water and sprayed through a paint spray 
atomizer. With aphid tests 0.2 per cent 
sodium lauryl sulfate was used as a wet- 
ting agent, except with such roots as 
Pueraria yunnaneisis which contained an 
active wetting agent, presumably a sa- 
ponin. Mortality counts were made after 
24 hours. 
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In the codling moth tests, the results 
of which are not reported in detail here, 
apples were sprayed with water suspen- 
sions at the above concentration, but 
without the addition of a spreader. Ten 
eggs in the blackhead stage were placed 
on each sprayed fruit. Per cent successful 
entry was noted after seven days. 

In testing the extracts, acetone or 
water-acetone solutions or suspensions 
were used at such a rate that the final 
spray contained the extract from 1 g. 
plant material in 100 ml. water. These 
final sprays did not contain a constant 
amount of acetone, but their content was 
always below 10 per cent, generally less 
than 5 per cent. In check experiments 10 
per cent acetone gave negligible kills. 
When extracts were tested against the 
silkworm, mulberry leaves were dipped 
in the diluted suspension, dried and the 
insects then placed on the leaves. Mortal- 
ity was recorded after 4 days. 

With aphids the apterous agamic fe- 
males were sprayed on flannel and trans- 
ferred to unsprayed nasturtium leaves 
where mortality was observed the next 
day. In these tests (but not with the silk- 
worm tests) 0.2 per cent sodium lauryl 
sulfate was used as a wetting agent. 

Resutts.—Seventeen of the species of 
plants tested gave less than 50 per cent 
mortality in any of the tests made. These 
were: Antiotrema Dunnianum (Diels.) 
H. M., Buddleia Lindleyana Fortuna 
leaves, Macleaya (Bocconia) cordata R. 
Br. stem, Cynanchum' sp., Dendrobium 
sp., stem, Lysimachia foenum-graecum 
Hance, Medicago lupulina L., Millettia 
nitida Benth. root, Millettia pulchra 
(Benth) Kurz. stem, Millettia sp. stem, 
Osbeckia crinata Benth. root, Polygonum 
nodosum Pers., Rhamnus crenatus Sieb. & 
Zuce., stem and root, Sanguisorbia offi- 
cinalis L. root, Sophora flavescens Ait. 
seeds, Strophanthus divaricatus (Lour.) 
Hook & Arn. seed pods and root, and 
Wickstroemia nutans Champ. root. Of 
these, M. cordata, M. nitida, M. pulchra, 
Millettia sp., R. crenatus, S. flavescens and 
W. nutans are actually used as insecti- 
cides in China. Results here reported 
are based on initial tests with single 


! Although these species were indeterminate from the speci- 
mens sent to the United States for insecticidal tests, Chiu and 
Lin's (1942) paper give the native Chinese names, habit, habitat 
and exact place collected. It is presumed that collections of the 
same material could be made and identified later. This is true of 


al] plants mentioned in the present paper. 
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collections which may have been lack- 
ing in toxicity for a number of reasons. 
Moreover, in some cases parts of the 
plant other than those tested are said to 
contain the most insecticidally active 
fractions. Thus, although the roots and 
seeds of M. cordata are used as insecti- 
cides, only the stems were available for 
tests. The leaves of the two species of 
Millettia are reported used for insect con- 
trol, but only stems and roots were tested. 
The seeds of Sophora flavescens were used 
in these tests, but it is the roots that are 
used in China. 

Plant materials that gave kills above 50 
per cent are listed in table 1. With the 
exception of the two most active mate- 
rials, Millettia pachycarpa and Pachyr- 
rhizus erosus seeds, most of the toxicity 
of these plants seemed to be due to stom- 
ach insecticidal action, rather than to any 
contact effect. The two materials are ap- 
parently similar to rotenone-containing 
roots in their action. 

The three species of Aconitum, Del- 
phinium Delavayi, Phytolacca acinosa and 
Palaquium sp. should be investigated 
more thoroughly, since all of them gave 
good kills of some stages of some insects. 
The two materials which gave the best 
results against the codling moth were the 
roots of Tripterygium Forrestii and the 
related Celastrus sp. 

Tripterygium Forrestii had a powerful 
effect on most insects used. When placed 
on treated food plants the insects fed for 
a few minutes, but stopped immediately. 
They regurgitated, became flaccid and 
were often reduced to one-third their orig- 
inal size. This condition persisted as long 
as they were on the treated plants, no 
further feeding occurring. However, when 
placed on untreated food they recovered 
and began normal feeding. At least with 
the silkworm, the cycle of symptoms could 
be repeated by placing recovered larvae 
on dusted food for a second time. The gen- 
eral effect was also noted with the spring 
cankerworm, the cabbage looper, and the 
ugly-nest caterpillar. 

Some comparative studies of water 
suspensions and extracts were made with 
the more promising species. Tables 2 and 
3 give data from such tests with the silk- 
worm and bean aphid. The seeds of Mil- 
lettia pachycarpa and Pachyrrhizus erosus 
in water suspension are less toxic than 
cube to the bean aphid, but some extracts 
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Table 1. Toxicity of dusts, water suspensions and extracts of some Chinese plants to different 
instars of the silkworm, first instar Mexican bean beetle, and mature apterous agamic females of 
the bean aphid. 

















SILKWORM Brean BEETLE Bean ApHip 
Per Cent Per Cent Per Cent 
Gross Gross Gross 


Materia Number? Mortality Number Mortality Number Mortality 


Aconitum chinense Paxton (root 
Dust 64 100 
Water susp. 30 0 
Alcohol extr. 29.9% Q5(5 0 

Aconitum rillosum Rohb 

(entire plant 


Dust 75 69.3 111 88.1 
Water susp. 80 0 
Alcohol extr. 9.9% 25° 0 
Chloroform extr. 2.2% 25 0 
Acetone extr. 3 1% 
Ethyl ether extr. 1.5% 
Aconitum sp. (entire plant 
Dust 75 73.3 108 99.2 
Water susp 30 0 
Alcohol extr. 12.7% 254 0 30 0 
Chloroform extr. S Qc / 25 0 30 0 
Acetone extr. 5.4% 30 0 
Petroleum ether extr. 2.0% 30 3.3 
Ethyl ether extr. 0.6% 30 6.7 
Carbon tetrachloride extr. 2.5% 30 0 
Ardisia crispa var. Dielsii Walker 
root) 
Dust 78 80.1 
Water susp. 30 6.7 
Aleohol extr. 22 9% 25° 8.0 30 0 
Chloroform extr. 1 8% 25% 0 80 0 
Arisaema consanguineum Schott 
(root 
Dust 50 12.0 38 58.2 
Water susp 30 3.3 
Arisaema purpureogaleatum Engl 
root 
Dust 25" 8.0 67 56.0 
Water susp. 25 0 30 50.0 
Aleohol extr. 3.89% 30 0 
Chloroform extr. 1.8% 30 0 
Acetone extr. 1 2% 30 0 
Celastrus sp. (root 
Water susp 30 0 
Alcohol extr. 9.4% 25 0 30 0 
Chloroform extr. 2.0% 25° 0 30 0 
Acetone extr. 5.0% 30 0 
Centella asiatica (L.) Urban 
(entire plant 
Dust 50 + 111 53.7 
Water susp 30 0 
Chloroform extr. 4.0% 25° 30 0 
Acetone extr. 3.8% 30 0 
Delphinium Delarayi Fr. 
(entire plant 
Dust 256 16.0 81 94.7 
Water susp 30 3.3 
Aleohol extr. 12.8% 25° 0 30 0 
Chloroform extr. 2.5% Q5@ 0 30 0 
Acetone extr. 3.0% 30 0 
Euphorbia Khasiana Baker (root) 
Dust 256 12.0 74 59.4 
Water susp. 30 0 


Alcohol extr. 1.4% 25°) 0 30 0 
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Table 1.—Continued 














SILKWORM Bean BEet_e Brean APHID 
Per Cent Per Cent Per Cent 
Gross Gross Gross 
MarTeERIA.! Number* Mortality Number Mortality Number Mortality 
Millettia pachycarpa Benth. (root) 
Water susp. 30 100 
Alcohol extr. 13.9% 50° 32.0 
Chloroform extr. 1.7% 25° 0 
Acetone extr. 9.5% 252) 0 
Petroleum ether extr. 0.9% 25° 0 
Carbon tetrachloride extr.1.4% 25° 0 
Millettia pachycarpa Benth. (stem) 
Dust 2565 48 99 96.2 
Water susp. 30 0 
Alcohol extr. 9.6% 25° 0 30 6.7 
Chloroform extr. 1.5% 30 3.3 
30 0 


Acetone extr. 4.2% 


Millettia pachycarpa Benth. (seed) 
Dust 5066 100 66 100 





Water susp. 30 100 
Alcohol extr. 35.6% 25'5 24.0 
50° 70.0 
Chloroform extr. 15.4% 255 8.0 30 96.7 
25° 36.0 
Acetone extr. 18.8% 25'S) 4.0 30 100 
252 100 
Petroleum ether extr. 13.9% 25'5 28.0 30 83.3 
25° 88.0 
Ethyl ether extr. 13.8% 250 28.0 30 90.0 
Carbon tetrachloride extr. 14.5% 25° 32.0 30 06.7 
25° 56.0 
Millettia pachycarpa Benth. 
(seed pods) 
Carbon tetrachloride extr.3.7% 25° 16.0 0) 0 
Pachyrrhizus erosus Urban (seeds) 
Dust 60 100 69 100 
Water susp. 30 100 | 
Alcohol extr. 27.8% 1002 100 30 96.0 
Chloroform extr. 18.6% 2515 84.0 30 100 
25° 100 
Acetone extr. 22.8% 25'5 100 30 100 
25% 100 
Petroleum ether extr. Q5'5 100 30 56.7 
25° 100 
Carbon tetrachlorideextr. 19.4% 25° 88.0 30 66.7 
Palaquium sp. (seed) 25°? 92.0 
Dust 75 85.3 79 33.9 
Water susp. 30 0 
Alcohol extr. 20.4% 2502 0 30 0 
Chloroform extr. 3.1% 30 0 
Acetone extr. 6.1% 30 0 
Petroleum ether extr. 1.8% 30 0 
Carbon tetrachloride extr. 3.0% 30 0 
Phytolacca acinosa Reb. (root) 
Dust 50° 8.0 107 100 
Water susp. 30 6.7 
Alcohol extr. 12.2% 25(2) 0 30 0 
Chloroform extr. 2.7% 25°) 0 30 0 
Acetone extr. 3.0% 30 0 
Pterocarya stenoptera C. (leaves) 
Dust 60 52.5 { 
Alcohol extr. 18.4% 25°) 0 30 0 
Chloroform extr. 10.9% 30 0 


Acetone extr. 13.2% 30 0 























December 1943 Lee & Hansperry: Toxicity or CHInese PLANTs 919 

















Table 1.—Continued 
SILKWORM BEAN BEETLE Brean Apuip 
Per Cent Per Cent Per Cent 
Gross Gross Gross 
Materia! Number? Mortality Number Mortality Number Mortality 
Pueraria yunnanensis Fr. (root) 
Dust 75” 52.0 50 27.6 
Water susp. 30 0 
Alcohol extr. 13.2% 250 0 30 0 
Chloroform extr. 4 2% 25° 0 80 0 
Acetone extr. 4.5% 25° 0 30 0 
Petroleum ether extr. 1.0% 95° 0 80 0 
Ethy] ether extr. 3.38% 30 0 
Carbon tetrachloride extr.3.0% 25° 0 30 0 
Pueraria yunnanensis Fr. (stem) 
Dust 50% 6.0 70 30.5 
Water susp. 30 3.3 
Alcohol extr. 12.9% 25° 0 30 0 
Chloroform extr. 4.8% 30 6.7 
Acetone extr. 2.8% 30 3.3 
Rhododendron molle G. don (leaves 
Dust 95 52.3 
Water susp 30 0 
Alcohol extr. 36.4% 25° 0 30 0 
Chloroform extr. 18.6% 252 0 30 0 
Acetone extr 27.3% 80 0 
Rhododendron molle G. Don. (root) 
Dust 90 58,1 
Water susp. 30 8.3 
Alcohol extr. 8.6% 25" 0 30 
Acetone extr. 6.8% 30 0 
Chloroform extr. 1.5% 30 0 
Petroleum ether extr. 0.4% 30 0 
Carbon tetrachloride extr. 7.3% 30 3.3 
Tri} teryqium Forrestii Loes. (root 
Dust 25 0 5 0 
Water susp. 30 0 
Alcohol extr 18.9% 25 - 0 30 3.3 
25° 0 
Chloroform extr. 3.7% 25(5 0 30 6.7 
25@ 0 
Acetone extr. 9.8% 2565 0 30 6.7 
25% 0 
Petroleum ether extr. 2.5% 25 0 30 33 
25% 0 
Ethyl ether extr. 2.7% 25° 0 30 3.3 
Carbon tetrachloride extr.3.5% 25° 0 
25°) 0 
$ per cent Cube root 
Water susp. 100 100 
Alcohol extr. 24.3% Q5° 56.0 30 100 
75% 90.0 
Chloroform extr. 14.3% 25“ 92.0 30 100 
Petroleum ether extr. 10.5% 25° 52.0 80 100 
Carbon tetrachloride extr. 15.8% 50° 74.0 30 100 





! Water suspensions used at the rate of 2 g. per 100 ml. Extracts used at the rate of extract from 1 g. dry material per 100 ml. 


? Exponent in parentheses indicates instar used 


of P. erosus seeds compare favorably with 


similar extracts of cube used against the 


silkworm. 


From these limited exploratory tests it 


is apparent that the plant kingdom offers 


considerable possibilities for further work 
in the search for economical and efficient 
sources of insecticidal materials. Particu- 
larly does the rich flora of China offer a 
fruitful field for investigation. Millettia 
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Table 2. A comparative study of the toxicity of 
Millettia pachycarpa and Pachyrrhizus erosus 
seeds, Millettia pachycarpa and cube root to the 
bean aphid. Water suspensions of the ground 
material with 0.2 gram sodium lauryl! sulfate per 
100 ml. spray used in all tests. Mortality ad- 
justed for that in checks (5 per cent); 100 aphids 
used in each test. 





Grams Per Cent 
PER NET 


MATERIAL 100 mi. Mortacity 
Millettia pachycarpa (seeds 1.5 100.0 
1.0 94.7 
0.5 84.5 
0.2 55.7 
0.1 16.5 
0.05 21.5 
0.02 6.3 
0.01 7.9 
Millettia pachycarpa (root 2.0 69.1 
1.d 66.3 
1.0 61.4 
0.5 $35.4 
0.2 24.2 
0.1 15.0 
0.05 4.2 
Pachyrrhizus erosus (seeds 1.5 98.9 
1.0 92.6 
0.5 RO 2 
0.2 48.4 
0.1 23.6 
0.05 8.6 
0.02 138.6 
0.01 12.6 
Cube (root), 4 per cent 0.5 100.0 
0.2 94.7 
0.1 96.9 
0.05 91.5 
0.02 64.4 
0.01 37 .6 
0.005 18.2 
0 008 5.2 





pachycarpa is already cultivated and used 
on a moderately large scale there. As soon 
as world conditions permit shipment of 
propagating stock, its adaptability to 
western hemisphere conditions will be 
fully investigated. Pachyrrhizus erosus and 
related species are indigenous to Latin 
America where moderately large quanti- 
ties of seed are available. Botanical, chem- 
ical, cultural and toxicological investiga- 
tions of the genus are proceeding rapidly 
and results of this work will be made 
available as fast as conditions permit. 
Summary.—Tests with 35 species of 
Chinese plants reputed to have insec- 
ticidal, piscicidal or medicinal value have 
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been made using silkworms, bean beetle 
larvae or bean aphids. Of these, 18 species 
killed at least 50 per cent of one or more 
of the insects tested. Pachyrrhizus erosus 
Urban seems to offer the most promise of 
being of commercial value because of its 
annual habit and the fact that the seeds 
could be gathered in considerable quan- 
tity in Latin America where the plant is 
cultivated for the food value of its tubers. 
Millettia pachycarpa Benth. seeds are also 
potent insecticides, and seem worthy of 
experimental propagation for insecticidal 
purposes. No planting stock of this species 
is known to be available in the western 
hemisphere at present. Other species 


Table 3. Per cent mortality of silkworm larvae 
(mixed instars) feeding on leaves dipped in sus- 
pensions of extracts of Millettia pachycarpa seeds 
and roots, Pachyrrhizus erosus seeds and cube 
root. Extract from 1 gr. plant material dispersed 
in 100 cc. of water with the aid of 5 per cent or 
less of acetone. 





Per CENT 
GROSS 


MATERIAL NuMBER Mortauiry 


Millettia pachycar pa seeds 


Alcohol extr. 75 47. 
Chloroform extr ” 22 
Acetone extr 50 52. 
Petroleum ether extr 50 58 
Carbon tetrachloride extr 50 +4 
Mille tlia pachycar pa root 
Alcohol extr. 50 32 
Chloroform extr 25 0 
(Acetone extr 25 0 
Petroleum ether extr 25 0 
Carbon tetrachloride extr 25 0 
Pachyrrhi us CTOSUS seeds 
Aleohol extr. 100 100 
Chloroform extr. 50 fz 
Acetone extr 50 100 
Petroleum ether extr 50 100, 
Carbon tetrachloride extr 50 90 
Cube root 
Alcohol extr. 100 73 
Chloroform extr 25 92 
Petroleum ether extr 25 52 
Carbon tetrachloride extr. 50 74. 





which seem to have sufficient promise to 
justify further work are Delphinium De- 
lavayt Fr., Tripterygium Forrestii Loes., 
Phytolacca acinosa Reb., three species of 
Aconitum and unidentified species of 
Celastrus and Palaquium.—7-4-43. 
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Indirect Hyperparasitism and Observations on Three Species 
of Indirect Hyperparasites' 


Sranuey E. Fuanpers, University of California Citrus Experiment Station, Riverside 


In an ecological consideration of hy- 
perparasitism, two distinct types differing 
in their host relations, should be recog- 
nized. Smith (1916) first’ realized the 
existence of these types and designated 
them direct and indirect. In direct hyper- 
parasitism, the searching capacity of the 
hyperparasite is not influenced by the 
unparasitized hosts of the primary para- 
site. On the other hand, when hyperpara- 
sitism is indirect, the possible, as well as 
the actual, hosts of the primary parasite 
are searched for by the hyperparasite. 

According to Smith (1916), from an 
economic standpoint, indirect hyperpara- 
sites are, as a general rule, less to be feared 
than are direct hyperparasites. 

On the basis of theoretical studies, 
Nicholson (1933) states that it seems 
probable that the adverse influence of 
hyperparasites on the control of pests has 
been overemphasized, and that the lack 
of success which has been attributed to 
the presence of hyperparasites has prob- 
ably been due to some other cause. 

The influence of hyperparasitism on the 
effectiveness of parasites used in biological 
control is difficult if not impossible to 
evaluate. In the laboratory, hyperpara- 
sitism may completely eliminate a pri- 
mary parasite. Only by establishing a hy- 
perparasite in a region where primary 
parasites are responsible for keeping a 
pest under control can the influence of 
hyperparasitism be tested. 

It is probable that hyperparasites al- 
ready present in a region have in some 
cases prevented, or at least delayed, the 
establishment of introduced primary para- 


' Paper No. 498, University of California Citrus Experiment 
Station, Riverside, California. 


sites. Muesebeck & Dohanian (1927) 
pointed out that an introduced parasite 
may be overwhelmed by hyperparasites 
before it can succeed in firmly establishing 
itself. This danger is enhanced by the in- 
discriminate host relations of hyperpara- 
sites in general. They considered hyper- 
parasites to be usually less discriminating 
than primary parasites in their selection 
of hosts. It is significant that the hosts of 
hyperparasites are usually more uniform 
than the hosts of primary parasites, since 
they are, for the most part, either hy- 
menopterous or dipterous larvae or pupae. 
The hosts of primary parasites include the 
egg and the larval and adult stages of 
most of the insect orders. 

In a study of the parasite of Phyto- 
phaga destructor, Gahan (1933) noted that 
species of the Platygasteridae, which show 
considerable discrimination in the selec- 
tion of hosts, are rarely, if ever, hyper- 
parasitic. The various chalcids, on the 
other hand, seem to be less selective in the 
matter of hosts. Although none of the 
chalcids involved in the complex of hes- 
sian-fly parasites are strictly hyperpara- 
sitic, many, if not all, will attack and suc- 
cessfully develop at the expense of other 
parasites, even of their own kind. 

The generally indiscriminate host rela- 
tions of hyperparasites seem to indicate 
that only rarely will an introduced species 
do more than replace a native species 
through competition. It is significant that 
the introduced primary parasites that 
have brought about control of a pest are 
species that are equally successful in their 
native habitat, in spite of attack by their 
natural enemies. But, unlike the parasites 
of introduced pests, the introduced hyper- 
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parasite is likely to find all suitable 
niches occupied. As pointed out by Muese- 
beck & Dohanian (1927), practically no 
parasite species of primary rank escapes 
the attack of hyperparasites. Neverthe- 
less, “the greatest care should be exercised 
to eliminate any hyperparasites which 
would form a new element in the local 
fauna. Obviously the only safe way of 
doing this is to eliminate them all” 
(Smith, 1916). 

Through lack of knowledge concerning 
their habits, various species of hyperpara- 
sites have occasionally been introduced 
into Europe and into America. In some 
instances establishment occurred. For- 
tunately, however, such introductions do 
not appear to have had serious conse- 
quences. 

Haeussler (1940) gives data showing 
that indirect hyperparasitism of the co- 
coon of the oriental fruit moth is consider- 
ably less important than direct hyper- 
parasitism of the cocoons. He found that 
hyperparasitization was much greater in 
cocoons constructed by parasitized cater- 
pillars than in those constructed by 
unparasitized caterpillars. Apparently, in 
the latter case the host-finding capacity 
of the hyperparasites was greatly de- 
creased by the necessity for searching un- 
parasitized cocoons. The fact that indirect 
hyperparasites, if they occur at all, never 
become abundant when the host of the 
primary parasite is attended by ants, in- 
dicates that they are relatively deficient 
in host-finding ability, since the primary 
parasites may be numerous under such 
conditions. The primary parasites of the 
black scale, Saissetia oleae (Bern.), are 
often numerous in ant-attended infesta- 
tions of the scale, but hyperparasites are 
comparatively rare in such infestations. 

The relation between the black scale 
parasite Metaphycus lounsbury: (How.) 
and the indirect hyperparasite Quaylea 
whittieri (Gir.) is repeatedly cited as an 
example of the harm that may result from 
the introduction of hyperparasites. Q. 
whittieri was liberated and established in 
California by Craw, in 1901, without any 
knowledge as to its habits, apparently on 
the theory that no species of encyrtid 
was hyperparasitic. Its establishment, 
however, is said to have had little if any 
economic effect until the introduction and 
establishment of Metaphycus lounsburyi, 
18 years later (Compere 1925). In certain 


JOURNAL OF Economic ENTOMOLOGY 





Vol. 36, No. 6 


areas where the black scale was plentiful 
and in suitable condition, M. lounsburyi 
became very abundant. Shortly there- 
after, Q. whittiert also became very abun- 
dant, even outnumbering M. lounsburyi. 

During 1920 and 1921, the numbers of 
black scale in certain areas were so greatly 
reduced by Metaphycus lounsburyi that in 
those areas control was attained. Subse- 
quently, however, the black scale again 
became numerous enough on citrus to do 
damage. It seemed obvious that Quaylea 
whittieri was responsible for the ineffec- 
tiveness of M. lounsburyi. The facts of the 
case indicate, however, that hyperpara- 
sitization by Q. whittieri was of no sig- 
nificance. Prior to 1917, the pepper tree, 
Schinus molle, was so heavily infested 
with black scale that thousands of fine 
old trees were cut down (Bailey 1917). 
Such infestations have not occurred since 
the establishment of M. lounsburyi. Ap- 
parently, on the pepper tree, Q. whittieri 
does not affect the control of black scale 
by M. lounsburyi. At the present time, in 
citrus orchards, Q. whitteri appears to be 
one of the least abundant of the hyperpar- 
asites of M. lounsburyi. Since it is an indi- 
rect parasite of M. lounsburyi, it must 
explore with its ovipositor the bodies of 
black scales which may possibly contain 
M. lounsburyi, whether the primary para- 
site is present or not. It is more restricted 
in its range than is M. lounsburyi. Its life 
cycle is equal to or longer than that of M. 
lounsburyi, so it has no advantage in rate 
of reproduction. 

The inability of Metaphycus lounshuryi 
to bring about control of black scale on 
citrus is apparently due to the fact that 
the life history of the parasite is such that 
it tends to bring about even development 
of the broods of scale, with a consequent 
lack of synchronization, which inhibits 
parasite reproduction. On the pepper 
trees, however, the development of the 
black scale appears to be so uneven that 
M. lounsburyi can exist in controlling 
numbers (Flanders 1943). 

According to Muir (Williams 1931), an 
introduction comparable to that of Quay- 
lea whitiert occurred in relation to the 
sugarcane leafhopper, Perkinsiella  sac- 
charicida Kirk., in Hawaii. The encyrtid 
Saronotum americanum, which was intro- 
duced into Hawaii from Ohio in 1903 
(Timberlake 1919a), proved to be hyper- 
parasitic after the introduction and estab- 
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lishment of the dryinids Haplogonatopus 
vitiensis and Pseudogonatopus hospes, in 
1906 and 1907. During the early part of 
1906, about 90 per cent of the leafhoppers 
in a patch of sugarcane were parasitized 
by dryinids; later in the year, over 90 
per cent of these dryinids were parasitized 
by S. americanum. When the leafhopper 
was brought under control through the in- 
troduction of Cyrtorhinus mundulus 
(Bredd.), in 1920, the abundance of dryin- 
ids, relative to that of their host, increased 
greatly, whereas S. americanum became 
relatively scarce. Muir (Williams 1931) 
states that S. Americanum is not so capa- 
ble as the dryinids in finding its host. Con- 
sequently, if the dryinids were capable of 
controlling the leafhopper, S. americanum 
could not prevent their doing so. 

The temporarily high population den- 
sity of the parasite Metaphycus lounsburyi 
(How.), following its establishment on the 
black scale in southern California in 1919, 
resulted in a startling increase in the 
amount of hyperparasitization. Compere 
(1925) records seven species of hyperpara- 
sites that had previously been practically 
unknown. The two species which he con- 
sidered most important were the encyr- 
tids Quaylea whittiert and Eusemion cali- 
fornicum. Q. whittierit is the only species 
known not to be indigenous to California. 
It is significant that none of these species 
are included in the hyperparasitic fauna 
associated originally with M. lounsburyt. 
In Africa, M. lounsburyi is attacked by 
different species of hyperparasites. 

When in Australia in 1931, the writer 
reared the aphelinid-like Myiocnema com- 
peret Ashm. under conditions which indi- 
cated that Quaylea whittieri was its host. 
If such is the case, M. comperei is a true 
tertiary hyperparasite. 

BioLocies OF THREE Species or In- 
pirEcT HypeRPARASITES.—Eusemion calli- 
fornicum Comp., described by Compere 
(1925) from specimens obtained in the 
field and reared experimentally on Meta- 
phycus lounsburyi, is a secondary para- 
site of coccids such as Saissetia oleae and 
Coccus hesperidum L. It is probably a 
native of California, occurring most com- 
monly in the cool coastal regions. 

Oviposition in Eusemion californicum, 
which seems to occur more readily at 
70° F. than at 80° F., is described by 
Compere (1925) as follows: ‘““The female 
takes a position on the dorsum of the 
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scale with legs slightly braced and exserts 
the ovipositor. The length of time taken 
to oviposit is influenced by the toughness 
or the resistance which the parasite meets 
in drilling a hole through the derm of the 
scale. With the individuals under observa- 
tion, in some instances five minutes or 
more was spent in drilling before the ovi- 
positor penetrated for an exploratory ex- 
amination. After the ovipositor is inserted 
the parasite works the organ in all direc- 
tions until satisfied of the presence of a 
primary larva. When a satisfactory pri- 
mary host is located, an egg is deposited 
within its body. If the secondary fails to 
locate a victim, the ovipositor is with- 
drawn and the female moves to another 
scale.” 

The eggs, according to Compere (1925), 
“are found floating freely in the body con- 
tents of the host. The specimens located 
by dissection possessed a long stalk, the 
greater part of which was shriveled and 
functionless. ... In one case the shriv- 
eled part had separated, leaving a short 
peduncle in intimate connection with the 
bulbous enlargement of the egg body. The 
body of the newly deposited eggs meas- 
ured 0.2 mm. in length by 0.1 mm. 
through the greatest width. The body of 
the ovarian egg is slightly smaller than 
that of the egg after deposition and pos- 
sesses a long stalk slightly enlarged at the 
apex. The stalk is almost twice as long 
as the body.”’ After deposition, the devel- 
opment of the trophic membrane causes 
the egg to increase in size. 

The larvae, (Compere 1925), “are of the 
motile type and float freely in the fluid 
contents of the primary larva. The newly 
hatched larva possesses a long tail ap- 
pendage.... In this stage the tail is 
about one-third as long as the head and 
the body combined. The integument is 
thrown into folds and the head is very 
large in comparison with the body. In a 
more advanced larva the tail appendage 
was shriveled and was about to be dis- 
carded with the next molt. ... The ma- 
ture larva does not possess a tail append- 
age and the head is greatly reduced in 
proportion to the body. At this advanced 
stage the primary larva has been almost 
completely consumed, only the delicate, 
almost imperceptible integument and the 
mandibles remaining as evidence of this 
replacement. . . . The head of the mature 
larva has several minute pore-like open- 
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ings in the derm on the under side. . 
which serve to distinguish this species 
from the other inhabitants of the black 
scale in California.” 

According to Compere (1925), the pu- 
pae are found occupying cells fashioned by 
the larvae of Metaphycus lounsburyi 
(How.) and are easily distinguished by 
their general resemblance to the adult. 
When ready to issue, the adults cast the 
pupal skin and cut an exit hole similar 
to that made by Metaphycus. An inspec- 
tion of the scale will readily show whether 
or not it was inhabited by a Euseminon, as 
the cast pupal skins are very characteristic. 

At a temperature of about 82° F., the 
minimum life cycle of Eusemion californi- 
cum is 13 days—3 days shorter than that 
of its host. Embryonic development is 
completed in slightly less than 2 days if 
the host larva has voided its meconium. 
In more immature hosts, the incubation 
period may be prolonged somewhat. On 
the third day after egg deposition, the 
larva undergoes two ecdyses, one of which 
may occur before it breaks out of the 
trophic membrane. The third eedysis oc- 
curs on the fourth day after egg deposi- 
tion. The fourth-instar larva becomes full 
fed on the fifth day. Pupation occurs on 
the seventh day. The pupal period is 6 
days. 

The first-instar larva of Eusemion cali- 
fornicum is characterized by having a 
“tail” bearing several short prongs near 
the tip. The larva possesses a tracheal loop 
with short, segmented trachioles. The sec- 
ond instar pair of sharp 
highly scleritized mandibles. When a host 
contains more than one larva of Eu- 
semion, the individual in the second instar 
may destroy those older and younger than 
itself. Both the second and the third in- 
stars possess well-developed tracheal sys- 
tem, without spiracles. The fourth instar 
has nine pairs of spiracles. Only the second 
and fourth instars possess scleritized man- 
dibles. 

The contents of the host become liqui- 
fied and are completely consumed by the 
parasitic larvae. As the host is reduced in 
volume, the posterior portion of the para- 
site gradually protrudes from it. Although 
several larvae may occur in one host, only 
one larva reaches maturity. Bacterial ac- 
tivity, however, apparently destroys 
many hosts and, consequently, the para- 
sites within them. 


possesses a 
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Quaylea whittieri (Gir.) (Encyrtidae) was 
described in 1918, from one female and 
one male reared by Alexander Craw from 
black-scale material collected in Australia 
in 1901 by George Compere. Several 
years after taking charge of the California 
State Insectary, H. S. Smith, in looking 
over old material reared by Craw, noted 
that specimens labeled Hemencyrtus crawi 
Ashm. were identical with the species de- 
scribed by Girault. Under the earlier 
name, Craw (1902) states that he lib- 
erated 25 colonies in California. At that 
time the family Encyrtidae was supposed 
to be entirely primary in habit. 

The fact that Quaylea whitteiri was hy- 
perparasitic was not discovered until 
Quayle & Rust (1911) studied its relation 
to Scutellista cyanea. These authors, how- 
ever, discussed it under the name Cerchys- 
ius and apparently believed that it was 
native to California. Timberlake (1913) 
stated that it was native and that it was 
by far the most common secondary para- 
site of Coccus hesperidum Linn. At the 
present time, Q. whiftiert appears to be 
less important than Cheiloneurus norius 
Comp. as a secondary parasite of black 
scale. 

Primarily, Quaylea whittiert is hyper- 
parasitic on the endoparasites inhabiting 
mature or nearly mature coccids. Its at- 
tack on such egg-feeding larva as Scutel- 
lista cyanea or Tomocera californica ap- 
pears incidental to its search for larva 
feeding on the body fluids of the scale. 

It is recorded as a secondary parasite of 
Saissetia nigra Nietn.), S. hemisphaerica 


Targ.), Coccus riridis (Green) and As- 
terolecanium pustulans (CkIl. Timber- 
lake 1919b). In Australia, the writer 


reared it from Coccus inhabited by Aneris- 
tus ceroplastae. It seems probable that 
Quaylea whittieri originated in Australia, 
although its native hosts there are un- 
known. 

In California Quaylea whittieri seems 
limited to the coastal areas, where there 
are two broods of black scale annually. It 
apparently has little if any effect on the 
biological control of scale insects. Al- 
though Metaphycus lounsburyi is subject 
to attack, this primary parasite success- 
fully controls black scale on the pepper 
tree. The ineffectiveness of M. louns- 
bury? on citrus appears to be due to “even- 
hatch” conditions of the scale and not to 
hyperparasitism. 
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Quaylea whittieri is attracted to black 
scale in the “rubber” stage, or larger, and 
oviposits in all the larval stages of the 
primary parasite. The female of Q. whit- 
tiert, however, can determine the presence 
of hosts within the black scale only by 
probing with its ovipositor. 

The minimum life cycle of the males of 
Quaylea whittieri, at about 82° F., when 
developing on Metaphycus lounsburyi, is 
about 16 days, a period equal to the devel- 
opmental period of the host. The life 
cycle of the female of (). whittierr probably 
exceeds that of M. lounsburyi, since the 
life eyele of a female pavasite usually ex- 
ceeds that of the male. Because of the 
fact that mating did not occur under 
laboratory conditions, only male develop- 
ment was studied. 

The egg incubation period of Quaylea 
whittieri is slightly more than 2 days. 
There appear to be four larval instars. 
The first larval ecdysis occurs on the third 
day after egg deposition, while the larva 
is still enclosed in the trophic membrane. 
The second instar is variable in length, 
depending on the age of the host larva at 
the time the parasite egg is deposited. The 
second eedysis occurs on the fourth day, 
or at about the time the host larva casts 
its meconium. The parasite larva becomes 
full fed and forms a “‘mummy”’ or tunica 
of the host’s skin 6 days after egg deposi- 
tion. The larva of Q. whittiert voids its 
meconium 2 days after mummifying its 
host. Pupation occurs 9 days after the 
egg is deposited, or the day following 
meconial discharge. The pupal period is 7 
days. When Q. whittieri is developing in 
Scutellista, the life cycle is greatly pro- 
longed, particularly during the last larval 
instar. The Scutellista larva is mummified 
16 days after the deposition of the parasite 


egg 


1 


ad J 


‘he ovipositor of Quaylea whittieri is 
long and flexible, and adapted for piercing 
only delicate membranes. In searching for 
its host, the female inserts its ovipositor 
through an opening under the scale mar- 
gin and then upward, penetrating the soft 
ventral derm of the scale. 

The ovaries of Quaylea whittieri are 
very small in relation to the size of the 
adult. The ovarian egg likewise is un- 
usually small, although of the double- 
bodied type. It possesses an extremely 
long neck, three times the length of the 
egg proper. The anterior body is narrow 
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and not much wider than the neck. The 
entire egg is deposited within the host 
larva. The extreme length of the egg ap- 
pears to be an adaptation for passing 
through the long ovipositor. 

The first instar is slender, with the thir- 
teenth segment prolonged into a tail. The 
second instar is more robust and is cov- 
ered thickly with rounded tubercles. The 
third instar is without a prominent tail 
and has a smooth derm. The larval instars, 
prior to the third ecdysis, lack a tracheal 
system. The fourth instar, however, has 
a well-developed tracheal system and nine 
pairs of spiracles. 

Although several larvae of Quaylea may 
inhabit a single larva of Metaphycus 
lounsburyi, only one in each host reaches 
maturity. After casting its pupal exuvia, 
the adult parasite cuts its way out through 
the ““mummy” and the dorsum of the dried 
scale. 

The adults of Quaylea whittieri are gre- 
garious at times, for they have been ob- 
served by Armitage (1922) swarming like 
gnats on the ends of the new growth at 
the tops of citrus trees. Armitage suggests 
that mating occurs at such times. 

Myiocnema comperei Ashm. was de- 
scribed in 1900 from seven females and 
one male reared from black-scale material 
collected by George Compere in Australia. 
It is closely related to Euryischia lesto- 
phoni, a hyperparasite of the puparia of 
Cryptochaetum iceryae. It is significant 
that the mummies formed by Quaylea 
whittieri closely resemble dipterous pu- 
paria. 

In a shipment of Saissetia oleae col- 
lected near Sydney and received at the 
laboratory in Whittier, California, during 
the latter part of 1921, the majority of 
scales had been parasitized by Metaphycus 
lounsburyi, and these in turn, had for the 
most part, been parasitized by the sec- 
ondary parasite Quaylea whittiert. In addi- 
tion, about 50 specimens of Myiocnema 
comperet were reared. In 1931, mummies 
of Q. whittiert were removed from several 
species of Coccus collected in Sydney by 
the writer. These mummies yielded M. 
comperei as well as Quaylea and thus indi- 
cated that M. comperei develops parasiti- 
cally on the full-fed larva or pupa of 
Quaylea and is, consequently, a tertiary 
parasite of coecids. 

In its native habitat, Myiocnema com- 
perei may be a tertiary parasite of Kermes 
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acaciae Mask. Koebele reared M. com- 
peret from this coccid, collected at Sydney, 
New South Wales, in 1899 (Howard 1919). 

Smith & Compere (1928) noted that 
Myiocnema comperei mated freely in cap- 
tivity, and that it, like most hyperpara- 
sites of scale parasites, explored the body 
cavities of the scale hosts. These authors 
state that small, soft scales, as well as 
mature individuals, were selected by this 
parasite. If satisfied with the preliminary 
inspection with her antennae, the parasite 
mounted the dorsum of the scale and ex- 
truded the ovipositor, which issued at a 
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right angle to the longitudinal axis of the 
body. If the scale was a mature individual 
with a tough derm, penetration was ef- 
fected only after considerable effort. In 
several cases the time taken to penetrate 
the derm was 45 seconds; in others, when 
a soft, immature individual was selected, 
the entire act occupied about 10 seconds. 

A search of the remains of old hosts, 
from Australia, made with the idea of de- 
termining the status of this parasite by 
dissection, resulted in failure. A second 
generation of this parasite was not ob- 
tained.—6-5-43. 
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FEDERAL ReGuLATIoNs Mopiriep 


The harvest season under the Mexican Fruitfly 
quarantine was extended to the close of June 15, 
1944, for grapefruit, and throughout the vear 1944 
for oranges, in the issuance of administrative in- 
structions by the Chief of the Bureau of Entomology 
and Plant Quarantine in circular B.E.P.Q. 531, 
dated September 23, 1945. 


Administrative instructions to Japanese beetle in- 
spectors on treatment as a basis of certification of 
articles restricted under the quarantine were issued 


in circular B.E.P.Q. 529, effective September 10, 
1943. This circular supersedes all previous instruc- 
tions to inspectors on the treatment of plants, fruits, 
vegetables and soil, under the Japanese beetle quar- 
antine regulations 


In the issuance of circular B.E.P.Q. 530, the date 
of termination of Japanese beetle quarantine restric- 
tions on fruit and vegetable shipments was advanced 
to September 8 and on cut flowers the date was ad- 
vanced to September 30, for the year 1943 only. 





























A Mosquito Survey of Camp Crowder, Missouri, 
During 1942 


Asner B. Gurney, Ist. Lt. Sanitary Corps, Camp Crowder, Missouri 


The 1942 mosquito survey was con- 
ducted at Camp Crowder, located in the 
southwest corner of Missouri, from the 
latter part of April throughout the year. 
It was designed to coordinate the neces- 
sary control work done in 1942 and to sup- 
ply information which will serve as a basis 
for future work. The information obtained 
deals with the species occurring on the 
reservation and in the nearby vicinity, 
their comparative prevalence and the lo- 
cation and nature of their habitats. 

The only previous survey of mosquitoes, 
in which the individual species found at 
Camp Crowder and their particular breed- 
ing places were studied, was that of Cap- 
tain Stanley J. Carpenter' (Report of 
November 4, 1941 to the Surgeon, Head- 
quarters, 7th Corps Area, Omaha, Ne- 
braska), mosquitoes were collected, and 
observations were made regarding those 
most likely to be troublesome. All species 
found by Capt. Carpenter were again col- 
lected in 1942, and many suggestions 
which he made were useful in the survey. 

Future survey work will be helpful, but 
many of the basic facts concerning local 
mosquito problems have now been 
learned. It should be remembered that 
conditions vary during different seasons 
so that fluctuations in the densities of 
species, from season to season, will occur. 
Rainfall in Neosho from April 1 through 
October, 1942, was 9.75 inches above nor- 
mal. For this reason, the 1942 prevalence 
of species whose breeding is favored by the 
presence of many puddles is not character- 
istic of drier seasons. General population 
trends may now be foreseen, but the work 
done does not justify the detailed predic- 
tion of future mosquito prevalences. 

Metuops.—Collections of mosquitoes 
were made whenever possible, and all de- 
velopmental stages in the life cycle were 
taken. Survey trips were made to all parts 
of the reservation, but emphasis was 
placed on the cantonment area and ad- 
joining areas, because of the troops con- 
centrated here and the likelihood that 
either a pest nuisance or transmission of 
malaria, should it occur, would be of pri- 


1 Now Major Stanley J. Carpenter. 


92 


‘ 


mary importance in the cantonment area. 
Some collections were made in and about 
Neosho, Joplin, Monett and other near- 
by communities, but these constituted a 
minor part of the survey work. A total of 
280 collections of immature mosquitoes 
was made, 28 of which originated outside 
of the reservation. Hand collections of 
adults comprised 108 collections, 34 of 
which were made outside the reservation. 
With the exception of two nights during 
which a light trap was operated in Joplin, 
all trap operations, totalling 194, were 
conducted in the cantonment area. A col- 
lection is considered as that group of 
specimens captured at the same time and 
place, regardless of the number of species 
involved. Many collections contain sev- 
eral species. The following is a brief out- 
line of the types of collections made: 


1. Collections of adults. 

a. Collections made with light traps 
of the New Jersey type. 

b. Collections made by hand. 

(1) Collections of active mos- 
quitoes, such as those bit- 
ing or attempting to bite. 

(2) Collections of mosquitoes 
found in daytime (diurnal) 
resting places or in winter 
hibernation. 

2. Collections of immature stages. 

a. Larvae collected and _ identified 
directly, to determine the in- 
cidence of various species and 
the need for current control 
work. 

b. Larvae or pupae, or both, reared 
to maturity to furnish adults 
for a survey collection and for 
the verification of identifica- 
tions previously based on lar- 
vae. 

The following species were taken at Camp 
Crowder and vicinity: 


. 


Anopheles quadrimaculatus Say 
Anopheles punctipennis (Say) 
Anopheles crucians Wied. 
Anopheles barberi Coq. 

Culex pipiens L. 

Culex quinquefasciatus Say 
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Culex salinarius Coq. 
Culex restuans Theob. 
Culex tarsalis Coq. 

Culex apicalis Adams 
Culex erraticus D. & K. 
Aedes triseriatus (Say) 
Aedes verans (Meig.) 
Aedes atlanticus D. & K. 
Aedes canadensis (Theob.) 
Aedes trivittatus (Coq.) 
Aedes atropalpus (Coq.) 
Aedes nigromaculis (Lud.) 
Psorophora columbiae (D. & K. 
Psorophora ciliata (F.) 
Psorophora howardii (Coq.) 
Psorophora ferox (Humb.) 
Psorophora cyanescens (Coq.) 
Psorophora discolor (Coq.) 
Psorophora signipennis (Coq.) 
Mansonia perturbans (Walk.) 
Theobaldia inornata (Will.) 
Uranotaenia sapphirina (Q.-S) 
Megarhinus septentrionalis D. & k. 
Orthopodomyia signifera (Coq. 
Orthopodomyia alba Baker 


Cotiections with Licut Traps. 
Two light traps became available so that 
trapping was begun June 18. They were 
located at distant points within the can- 
tonment area and operated five nights 
each week, the collections being removed 
each day. The traps were battery driven, 
and hours of starting and stopping were 
regulated by time clocks. Because of me- 
chanical difficulties, there were occasional 
interruptions in trap operation. Four 
other traps, these designed for connection 
with an electric power line, arrived too 
late in the season for use in 1942. Had they 
become available sooner, more significant 
data could have been obtained by trap- 
ping. With only two traps available, it was 
felt that both should be installed in the 
cantonment area, to give warning of 
any undue numbers of mosquitoes, espe- 
cially anophelines, flying about barracks. 
Accordingly, no trapping in other portions 
of the reservation was done, though it 
might have yielded very interesting re- 
sults. 

The number of specimens trapped any 
one night by one trap varied from none to 
89. Because of occasions when no mos- 
quitoes were caught, although proper trap 
operation occurred, the number of trap 
collections, 167, is less than the number of 
trap operations. A list of the species 
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trapped, showing the numbers of each, is 
given in table 1. Of the 22 species trapped, 
all except Psorophora signipennis were 
also collected by hand or in the immature 
stages. 

One trap was operated in Joplin on the 
nights of September 12 and 13. It was 
located in a garden, surrounded by houses 
of a residential district. Two specimens of 
Anopheles crucians, the only material of 
that species collected in connection with 
the survey, were taken there. The largest 
single trap collection of Anopheles quad- 
rimaculatus, 4 specimens, was made there 
September 12. 

On several occasions, even when stormy 
weather or high winds were not involved, 
there was reason to believe that the num- 
bers of trapped specimens of given species 
were not representative of the numbers 
present in the immediate vicinity. 

In the identification of trapped mos- 
quitoes, the most time-consuming task 
was the sorting of species of Culex. The 
terminalia of a majority of male speci- 
mens of Culex were prepared as micro- 
scopic mounts, most of them for tempo- 
rary study only. The study of terminalia 
was occasionally necessary when species 
of other genera were involved. 

Co.Liections Mape By Hanp.— Hand 
collections of adults are a valuable part of 
a survey, because they give direct infor- 
mation about the species that are biting 
in various localities or about those, either 
active or resting, which are likely to be 
important. The natural habits of species 
vary greatly, particularly regarding pre- 
ferred foods, hours of flight and breeding 
habits. Much of the information obtain- 
able by field observations is not supplied 
by trapping. 

Table 2 gives the species caught by 
hand, with a summary of the numbers of 
specimens. Four of the 23 species were not 
represented in trap collections: Aedes 
canadensis; A. atropalpus; Psorophora 


ferox; Mansonia perturbans. Of these, A. 


canadensis and M. perturbans were not 
otherwise encountered during the survey. 
On the other hand, adults of Uranotaenia 
sapphirina and Orthopodomyia signifera 
were trapped but not caught by hand, 
though larvae of both were collected. 
Much of the importance of hand collec- 
tions is attached to the various habitats in 
which they are found. For instance, the 
finding of species which ordinarily breed 
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Table 1. Summary of 1942 trap collections at Camp Crowder showing number of specimens 
captured and number of positive collections. 





{nopheles 


Anopheles sp. (damaged 


; punceti} ennis 


Culea pipiens 
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1. frinttatus 

1. nigr uli 
Aedes sp damaged 


Psoroj hora colu mbiae 
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P 


P 


P 


The yA Wi / 
lranotaenia sap} hirina 
Megarhinus 
Orthopodom yia signifera 


Unidentified 


quinquejascratus 
j 


SALinarius 


restuans 


tarsalis 
aj if 
erraticus 


, 

curata 

cyanescens 
j 


hrscoior 


signi pennis 


Total specimens 


quadrimaculatus 


se ptentrionalis 
/ 


damaged 


NUMBER 


Specimens 
Collections 
Specimens 
Collections 
Specimens 
Collections 
specimens 
Collections 
Specimens 
Collections 
specimens 
Collections 
Specimens 
Collec tions 
specimens 
Collections 
specimens 
( ollections 
specimens 
( ollections 
Spe imens 
Collections 
specimens 
Collections 
specimens 
( ollections 
specimens 
Collections 
specimens 
( ollections 
specimens 
Collections 
Spec mens 
Collections 
opecimens 
Collections 
specimens 
Collections 
specimens 
( ollections 
Specime ns 
Collections 
specimens 
Collections 
specimens 
( ollections 
Specimens 
Collections 
Specimens 
Collections 
Specimens 


( ‘ollect ions 


Average catch per trap per day 


JUNE 


l 
l 
l 
l 
4 
48 
18 
| 
l 
] 
$1 
8 
S 
‘ 
9 
l 
l 
l 
l 
139 
6.82 


JULY 


5 
+ 

5 
5 

29 
ll 

194 
36 

+1 
14 

25 
13 

5 
$ 

‘ 
2 

25 
16 
" Q 

11 
9 

2 
2 

10 
8 
359 
8.55 





Ava. 
17 
11 
6 
5 
$6 
22 
8 
7 
87 
$2 
8 
7 
12 
10 
l 
l 
15 
12 


19 


ros) 





SEPT 


15 
11 
4 
4 
l 
l 
33 
16 
1 
l 
21 
10 
48 
14 
152 
16 
6 
t 
11 
Rg 
32 
16 
4 
2 
l 
l 
189 
21 
3 
5 
t 
22 
9 
$ 
9 
21 
6 
3 
1 
568 
15.77 


Oct. 
: - 
2 
l 


26 
17 
1] 
6 
7 
6 
21 
iz 
3 
$ 
l 
l 
t 
t 
Se 
18 
0 
) 
18 
8 
50 
19 
2 
2 
1 
1 
192 
+.68 


Toran 





40 

29 

12 

11 

1 

1 
114! 
63? 


105 

42 
379 
101 
181 


35 








Four in November 

hree in November 
Fight in November 
‘Four in November. 
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Table 2. Hand collection of adults showin 
positive collections. 
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g number of specimens captured and number 


6 


of 











Dec. TOTAL 








NUMBER JuLy Ava. SEPT. Oct. 
Anopheles Specimens 6 40 4 3 2 35 
quadrimaculatus Collections 3 8 3 l 18 
A. punctipennis Specimens 4 15 ‘ +9 70 55 199? 
Collections 3 5 3 ~ 3 272 
Culex pipiens Specimens S32 1S 76 121 
Collections 10 8 5 18 
( quinquefasciatus Specimens l l 
Collections I l 
C. salinarius Specimens l 5 l 7 
Collections l l 8 
Culex. sp., probably Specimens I I 
salinarius (damaged) Collections l I 
(’. restuans Specimens 4 10 168 
Collections 4 3 Y 
C’. tarsalis Specimens l 3 ‘ 
Collections l I 2 
C. apicalis Specimens l l 3¢ 
Collections l l he | 
1s erraticus Specimens 107 l l 1 110 
Collections 5 l I l S 
Culex sp., (damaged Specimens l l 
Collections l l 
Aedes triseriatus Specimens 4 4 2 155 
Collections ‘ 2 2 9 
A. verans Specimens 3 8 9 $2 I 68! 
Collections 2 } $ 10 25! 
Aedes sp., probably Specimens 1 I 
atlanticus (female Collections l I 
A. canadensis Specimens 1 
Collections 14 
A. tririttatus Specimens 5 t 54 l 66? | 
Collections 2 4 4 l 12 | 
A. atropal pus Specimens ] l 
Collections l l 
A. nigromaculis Specimens 2 2 
Collections 2 2 
Psorophora columbiae Specimens l 7 $ 12 
Collections l 2 8 6 
P. ciliata Specimens I 2 8 
Collections l 2 P| 
P. ferox Specimens 18 18 
Collections 4 4 
P.. cyanescens Specimens 2 t 6 
Collections 2 4 6 
P. discolor Specimens 120 1 12] 
Collections l l 2 
Mansonia perturbans Specimens l I 
Collections 1 l 
Theobaldia inornata Specimens 13 l 14 
Collections 6 7 
Megarhinus Specimens l I 
septentrionalis Collections l l 
Total specimens 28 306 110 163 89 134 8487 
Total collections 20 86 338 48 12 10 1725 








1 Two in ~ three in May. 
? Two in May 
* One in May, one in June 





* One in June. 
5 Five in June. 
* One in June 


? Two in April, eight in May, eight in June. 
* Two in April, seven in May, four in June. 
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in tree holes or those that prefer polluted 
waters may lead to the discovery of active 
breeding nearby. Species found flying 
about in woodland, or in residential or 
~antonment areas, frequently may be ob- 
served for feeding habits, and, if a pest 
mosquito nuisance exists in the neighbor- 
hood, the guilty species determined. Culex 
apicalis and Theobaldia inornata are exam- 
ples of common mosquitoes conspicuous 
because of its large size and its occurrence 
in the colder half of the year, when other 
species are scarce, the latter that are 
of little importance to man. Anopheles 
adults may be collected by seeking them 
in customary resting places. During the 
active season most individuals spend the 
daytime resting in caves, cellars, hollow 
trees, beneath bridges and in similar 
places, while the more protected of these 
habitats are hibernating quarters in 
winter. The few resting individuals of 
Anopheles quadrimaculatus collected sug- 
gests that the reservoir of the species 
about Camp Crowder is comparatively 
small, and this is in agreement with col- 
lections of larvae and trapped adults. 

The following is a list of habitats in 
which hand collections of adults were 
made and the number of collections made 
in each: 


1. Cellars, caves, under cliffs, other resting 


places 33 
2. Woodland 27 
3. Roadside, fields, open pasture land 13 
$. Outdoors in residential area 10 
5. Houses 7 
6. Outdoors, about cantonment area 6 
7. Near stump or tree holes (Tree hole 
breeders only) 4 
8. Office 8 
9. Pigeon lofts 2 
10. Car 1 
11. Septic tank l 
12. Lighted store windows ] 
108 


COLLECTIONS OF IMMATURE STAGES. 
The study of breeding places, through the 
collection of larvae and pupae in their 
natural habitats, was the most important 
phase of the 1942 mosquito survey at 
Camp Crowder. The value of these collec- 
tions is due to the fact that the most fun- 
damental method of mosquito control is 
the elimination of breeding places, and a 
survey that detects them and maps their 
distribution gets to the root of the prob- 
lem. Following the inspection of breeding 
places, suggestions were given to the 


supervisor of control work, regarding those 
areas in need of attention. In turn, the 
effectiveness with which control work was 
being applied was checked by further 
search for larvae. Buffalo Creek was 
examined frequently, because consider- 
able breeding occurred there early in the 
season and partial pollution by the sewage 
treatment plant and the close proximity 
to the cantonment area made it a poten- 
tial menace. 

Collections of immature stages are help- 
ful in the survey of species inhabiting an 
area, because larvae assist greatly in mak- 
ing identifications. When working with 
limited facilities for making identifica- 
tions, the correlation of identifications 
based on both larvae and adults is ex- 
tremely valuable. Particularly if all pos- 
sible types of larval habitats are exam- 
ined, species may be obtained that seldom 
are caught by light traps or by hand. Four 
species, Anopheles barberi, Aedes atlanti- 
cus, Psorophora howardii and Orthopodo- 
myia alba, were represented during the 
survey only in larval collections. Excel- 
lent adult specimens may be obtained by 
rearing larvae and pupae to maturity. 
Those caught in traps are frequently in- 
jured, and few males, the terminalia of 
which are important, are taken by hand 
except in certain resting places. Specimens 
from 187 of the 280 collections (66 per 
cent) were reared to maturity. 

A long-handled dipper was used to col- 
lect larvae and pupae in the field, except 
in the case of stumps and tree holes, in 
which case a rubber suction bulb was usu- 
ally necessary. Quart jars, labelled as to 
source of material contained, were carried 
to the laboratory in a rack such as is used 
for carrying milk bottles. A convenient 
rearing cage was arranged by inverting an 
ordinary lantern chimney over a sponge 
cup. A small paper cone permitted adults, 
emerging in the sponge cup, to go up into 
the chimney but prevented them from 
falling back into the water. Cheesecloth 
covered the top of the chimney. After the 
adults had attained mature coloration and 
firmness of the body wall, they were 
killed by introducing a fumigant or were 
removed by an aspirator and placed in a 
killing bottle. Records were kept concern- 
ing each collection, whether or not rearing 
was accomplished, emphasis being placed 
on the nature of the habitat and the num- 
ber of each species present. 
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A summary of origin, by habitats, for 
collections of all species, is as follows: 


1. Puddles and small temporary ‘ools 72 
2. Small ponds, such as farm stuck ponds 20 
3. Large ponds 2 
4. Fish hatchery ponds 5 
5. Natural holes in trees and stumps 36 
6. Barrels, cans and other artificial recep- 
tacles 27 
7. Rock holes in stream bed ry 
8. Wells and cisterns 11 
9. Marshes and bog-like, flooded fields 6 
10. Ditches 33 
11. Septic tanks, sewage effluent and pol- 
luted ditches 10 
12. Small, spring-fed streams 36 
18. Larger streams, not directly spring-fed, 
such as Buffalo and Indian Creeks 18 
280 


Because of the adaptation of species to 
similar or different habitats, as the case 
may be, the larvae of certain species fre- 
quently are taken together, while those of 
others are seldom if ever associated. It is 
clear that the species breeding in the 
holes of hollow stumps and trees will often 
be found together; less sharply demarked 
associations occur among puddle breeders 
and those species characteristic of certain 
types of ponds. The limited nature of this 
survey and the wide adaptability of some 
species to different habitats do not permit 
many generalizations to be drawn from 
this phase of the study. 

PREVALENCE.— Mosquito biting was 
never more than a minor nuisance at 
Camp Crowder in 1942. Occasional biting 
occurred about the cantonment area and 
in other parts of the reservation. Biting 
was most noticeable during the latter half 
of the season, especially following heavy 
September rains. There were no known 
cases of malaria transmission, and the 
principal vector, Anopheles quadrimacu- 
latus, was relatively scarce. Pest mosqui- 
toes were of moderate to considerable im- 
portance in several cities within a 30-mile 
radius. 

During June considerable breeding de- 
veloped in Buffalo Creek, but this was 
largely eliminated and no further breeding 
of consequence occurred there. The situa- 
tion was corrected mainly by oiling and to 
a lesser extent by channel repair. Anoph- 
eles punctipennis, Aedes verans and 
Culex restuans were the principal species 
involved. Very little breeding was found in 
Indian Creek, relatively few localities 
along the banks being favorable. Where 
current was slow and growths of algae had 
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accumulated, A. punctipennis sometimes 
occurred. Bullskin Creek is typical of 
spring-fed streams, and the water is too 
cold and favorable localities too few for 
an important amount of breeding to oc- 
cur. Just north of Erie, large areas of 
water cress occur in Bullskin Creek; lar- 
vae were collected there several times, but 
their numbers were not sufficient to be im- 
portant. Many small streams were dry 
during the summer, except immediately 
after rains. 

Puddles and small temporary pools 
were the most important sources of mos- 
quitoes about the cantonment area. Be- 
cause of the unfinished grounds about 
many buildings, notably those of the Sta- 
tion Hospital, there were many irregulari- 
ties of the surface which permitted pools 
to form at each rain. A large number of 
Station Hospital buildings had pools be- 
neath them throughout the summer, due 
to faulty plumbing and uncompleted grad- 
ing. Aedes verans, Psorophora columhiae, 
Anophleles punctipennis and Culex res- 
tuans were the most important puddle- 
breeders in the cantonment area. The 
most conspicuous puddle-breeding  oc- 
curred in early September, and prompt 
larvicidal work was necessary to prevent 
a considerable nuisance. At the time, 
Aedes verans and P. columbiae could be 
found in clusters, each of several hundred 
larvae, in numerous puddles about the 
hospital. 

Five characteristic tree hole breeders 
were found: Anopheles barberi; Aedes 
triseriatus; Orthopodomyia signifera; O. 
alba; Megarhinus septentrionalis. Of these, 
A. triseriatus is by far the most common, 
though none of the others except O. alba 
is rare in the area. It was not unusual to 
encounter biting individuals of A. fri- 
seriatus near its breeding places, but it 
was of no practical importance in 1942. 

Observations regarding mosquito prev- 
alence in nearby towns were too limited 
to permit many conclusions. Pest mos- 
quitoes were very troublesome in Monett, 
and an inspection trip on September 12 
disclosed that Culex pipiens was the prin- 
cipal species concerned. Larvae and pupae 

awere extremely abundant in the effluent 
from the municipal sewage disposal plant, 
many square yards of water surface being 
covered as if by a blanket. A creek bed 
carried the effluent, and, except follow- 
ing rains, almost no other water was pres- 
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ent. Moreover, the performance of the 
sewage disposal plant was faulty. In Jop- 
lin pest mosquitoes were locally abundant 
and annoying. During the latter half of 
the summer and early fall, biting was a 
distinct nuisance in residential areas at 
evening, Aedes trivittatus being the most 
important species. Mosquitoes were of 
minor importance in Neosho. 

Tue Genus Anopheles.—Collections 
of Anopheles quadrimaculatus indicate 
that it is generally distributed in this 
area, but it has been found nowhere in 
large numbers. The most specimens have 
been taken at the Fish Hatchery in 
Neosho, where 16 adults were found un- 
der a bridge August 4, 1942. Only 4 speci- 
mens were taken at the same place on 
August 13, however. Larvae were col- 
lected in the hatchery ponds on 5 occa- 
sions, but they occurred only in limited 
portions of the ponds, were being con- 
trolled to a considerable extent by Gam- 
busia, and a small to moderate adult popu- 
lation resulted. Larvae were found by 
U.S. Public Health Service workers in a 
small private pond of permanent charac- 
ter, located beside railroad tracks about 
one-third mile northwest of the Fish 
Hatchery. A. quadrimaculatus occurs lo- 
cally in Joplin, in small to moderate num- 
bers, the principal 1942 collections being 
from McLellan Park and vicinity. On the 
Camp Crowder reservation, larvae of 
quadrimaculatus were taken at the follow- 
ing places: On Bullskin Creek, in spring- 
fed ponds composing part of the stream 
and located at the rock quarry; from 
small ground pools in woods north of area 
14; from a ditch near the SCRTC motor 
pool. The latter two habitats were not 
typical for the species and only occasional 
specimens occurred. The ponds by the 
rock quarry are more typical, but the 
water apparently is too cold to be entirely 
favorable, and only small numbers were 
found. Resting adults were taken at six 
collecting stations on the reservation, two 
of the stations being caves, the others 
bridges or buildings. The maximum num- 
ber of specimens found beneath a bridge 
at any one time was five, while more than 
two were never taken in a cave. In Sep- 
tember, 1941, Capt. Carpenter found 
larvae in two small ponds near the hos- 
pital and in a pond southwest of the rock 
quarry. Adults were found at the latter 
locality in 1942. 


GuRNEY: Mosquito Survey or Camp CROWDER 933 


It has been shown by Boyd (published 
reports) that Anopheles quadrimaculatus 
prefers waters distinctly warmer than 
those in which A. punctipennis most fre- 
quently occurs, and that an average tem- 
perature of 70° F. appears necessary for 
the rapid development of A. quadrimacu- 
latus. This conclusion is borne out by ob- 
servations at Camp Crowder, and it seems 
safe to say that most of the waters on the 
reservation are unsuited to the develop- 
ment of this species in economic propor- 
tions. The very few adults discovered in 
winter hibernation indicate that a rela- 
tively small reservoir of the species occurs 
on the reservation. 

Anopheles punctipennis is widely dis- 
tributed on the reservation and in the sur- 
rounding area, and it occurs in a consider- 
able variety of streams, ponds and tempo- 
rary pools. It tolerates the coolness of 
spring-fed streams, which comprise a 
majority of water courses on the reserva- 
tion. Practically every stream contains at 
least a few specimens, and hundreds oc- 
cur in many favorable places. Adult col- 
lections indicate, however, that a dense 
population does not occur. Hibernating 
adults occur consistently in caves and 
other suitable shelters, but the maximum 
degree of concentration encountered is il- 
lustrated by the collecting of 53 speci- 
mens on about 400 square feet of cave 
surface by two collectors November 16. 
In view of the minor role currently as- 
signed to A. punctipennis in the trans- 
mission of malaria, the economic status of 
A. punctipennis at Camp Crowder ap- 
pears relatively unimportant. 

Trap collections yielded 40 specimens 
of Anopheles quadrimaculatus and only 12 
of A. punctipennis, but the comparative 
prevalence of the two species suggested by 
these scant data is in contrast to that ob- 
tained from both hand collections of 
adults and those of immature stages, 
showing the unreliability of limited trap 
collecting. 

Anopheles crucians is represented by 
two adults trapped in Joplin. Both it and 
A. barberi are important in the Camp 
Crowder area. 

Tue Genus Culex—Both Culex pi- 
piens and C. quinquefasciatus occur at 
Camp Crowder, their respective ranges of 
distribution apparently overlapping in 
this vicinity. Further information is 
needed regarding the comparative preva- 
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lence of these closely related species, but in 
1942 the former was very common during 
the latter half of the season, while C. 
quinquefasciatus was uncommon. The 
tremendous number of C. pipiens breed- 
ing in sewage effluent at Monett and in 
sewage-laden water at several Camp 
Crowder localities are in keeping with the 
well-known potentialities of the species 
when favored by pollution. During the 
fall, C. pipiens was very common in wells, 
cisterns and temporary pools. In winter 
hibernating quarters, it appeared regu- 
larly but in small numbers. 

The first species of Culex to be found 
breeding in the spring of 1942 was C. 
restuans. It occurred in a wide variety of 
habitats throughout the season and more 
adult specimens were trapped than of any 
other species. Limited evidence indicates, 
however, that it was less important as a 
biter than C. pipiens, Aedes vexrans or 

*sorophora columbiae. 

The breeding of Culex tarsalis was con- 
centrated mainly in August, September 
and October, but during that time it was 
an important inhabitant of puddles and 
ditches. Several very large trap collections 
illustrate its temporary abundance. Less 
important species of Culex were C. salin- 
arius, C. erraticus and C. apicalis. All 
three are well established at Camp Crow- 
der and have been collected consistently, 
but they are of little significance as pests. 

Tue Genus Aedes.—Aedes verans is 
by far the most important species of its 
genus in the Camp Crowder area. Be- 
vause of its continued development from 
spring until late fall and its adaptation to 
puddles and temporary pools, it is one of 
the most annoying mosquitoes encoun- 
tered. 

The abundance and pestiferous nature 
of Aedes trivittatus in Joplin suggest that it 
might be a nuisance at Camp Crowder, 
should indiscriminate breeding be per- 
mitted. Judging from the few references 
to the species in the literature of Arkansas 
mosquitoes, the southern limit of eco- 
nomic distribution may be near Camp 
Crowder. 

Aedes triseriatus breeds abundantly in 
tree holes and stump holes, and it has been 
taken several times in artificial recepta- 
cles. Biting was observed near breeding 
places, but the species was not important 
in 1942. Only in cases of troop operations 
in woodland characterized by numerous 
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breeding places in R. triseriatus likely to 
be a significant pest. 

Earlier collecting than was done in 1942 
may reveal considerable woodland breed- 
ing of Aedes canadensis, which is a north- 
ern, early spring species. Only one speci- 
men has been taken at Camp Crowder 
thus far. A. atropalpus, found in typical 
pot holes in the rocky margins of Shoal 
Creek near Joplin, is of interest princi- 
pally because of its unusual breeding habits 
and is of no potential importance at Camp 
Crowder. A. atlanticus and A. nigromacu- 
lis were rare and of no significance in 1942. 
The latter is a close relative of the haloph- 
ilous and very important A. sollicitans. 

Tue Genus Psorophora.—Psorophora 
columbiae is of major pest importance is 
mainly an inhabitant of puddles, tempo- 
rary pools and ditches filled with rain- 
water. Following the heavy September 
rains, P. columbiae and Aedes verans were 
the chief species developing about the 
cantonment area, and prompt control 
measures were necessary to prevent a 
heavy emergency. The abundance of P. 
columbiae dropped rather abruptly in early 
October, probably because most eggs des- 
tined to develop in 1942 had already been 
hatched by summer and early fall rains. 
Other species of Psorophora were unim- 
portant. Of the two local species predatory 
in the larval state, P. ciliata and P. 
howardii, the former was relatively un- 
common, while the latter was rare. Adults 
of P. ferox and P. cyanescens were several 
times encountered, biting fiercely, but 
comparatively little breeding occurred. P. 
discolor was found in large numbers on 
only one occasion. On August 16, hun- 
dreds of adults were found in the marginal 
vegetation of a small temporary pond not 
far from Joplin. Of 120 specimens taken 
by sweeping, only two females occurred. 
About 100 larvae and pupae, the majority 
being pupae, were collected from the 
pond. Seventy-two adults emerged, 56 of 
them (78 per cent) males. It is recorded 
in literature that the majority of males of 
P. cyanescens have been observed emerg- 
ing in advance of the females, and the 
above case of P. discolor may be compara- 
ble. Only one specimen of P. signipennis 
was collected in 1942. 

Oruer Genera.—Mansonia perturbans 
is represented in survey collections by one 
specimen taken while biting in Joplin. No 
breeding has been found. There are few 
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ponds that seem to be favorable on or near 
the reservation. Survey work was begun 
too late in the spring for Theobaldia in- 
ornata to be found breeding in numbers, 
but abundant breeding occurred in Octo- 
ber and extended in to the winter. Adults 
were noticed in late September and were 
conspicuous throughout the remainder 
of the fall because of their large size, but 
the species was unimportant. U’ranotaenia 
sapphirina is one of the uncommon 
mosquitoes of no importance at Camp 
Crowder. It appeared in the light traps on 
11 occasions. The only larvae collected 
were found in company with Anopheles 
quadrimaculatus near Joplin but sapphirina 
undoubtedly breeds on the reservation or 
nearby. 

Megarhinus septentrionalis is a bene- 
ficial species, though of little practical 
value. The adults do not suck blood, while 
the larvae are predators on the larvae of 
their own and other species. M. septentri- 
onalis is a typical inhabitant of tree holes 
but is not uncommon in artificial recepta- 
cles such as cans. Rearing accomplished in 
1942 shows that nearly full-grown larvae 
frequently require 6 weeks or more to ma- 
ture, and that one larva may consume 
several dozen fullgrown larvae of Aedes 
triseriatus or species of comparable size 
over a period of weeks. The retarded de- 
velopment of larvae in the fall and their 
occurrence in natural habitats in January 
suggest that septentrionalis winters at 
least partially in the larval stage in south- 
western Missouri. Both Orthopodomyia 
signifera and QO. alba are characteristic 
members of the tree hole and stump hole 
fauna, the former being moderately com- 
mon and the latter rare. 0. alba has not 
previously been collected in the Middle 
West, according to published records. 
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Orner Species.—It is ‘probable that 
further collecting will add several species 
to the list of mosquitoes known to occur 
in the Camp Crowder area, though none 
is likely to be of much importance. 
Anopheles walkeri Theob. may occur in 
marshes containing aquatic vegetation, 
though habitats on the reservation are 
scarcely typical. More attention to col- 
lecting in nearby communities may dis- 
close the presence of Aedes aegypti (L.), 
the principal vector of yellow-fever and a 
characteristic domestic species. Several 
other species of Aedes, all rare, if present 
at all may also occur here. The same is 
true of Psorophora varipes (Coq.) and P. 
horrida (D. & K.) An attempt to locate 
pitcher plants (Sarracenia spp.) was made 
in 1942, with the hope of finding Wyeo- 
myia smithii (Coq.) which breeds in the 
water contained in these plants, but both 
field observations and consultations with 
local botanists were unsuccessful. 

SummMary.—Methods followed in the 
1942 mosquito survey at Camp Crowder, 
Missouri and the results obtained are dis- 
cussed in the present report. Thirty-one 
species have been taken on the reserva- 
tion or in the vicinity, 26 being collected 
from larval habitats. The most prevalent 
have been Anopheles punctipennis, Culex 
pipiens, C. restuans, Aedes vexrans and 
Psorophora columbiae. Anopheles quadri- 
maculatus is established in the area, but 
the number of favorable breeding places 
on or near the reservation is limited and 
the resulting population relatively small. 
Aedes aegypti has not been collected. Pest 
species originating in puddles, temporary 
pools and ditches are among the most im- 
portant mosquito problems encountered 
in 1942 and likely to occur in the future.— 
7-13-43. 


Dr. M. A. Stewart, associate professor of parasi- 
tology at the University of California, has been elected 


president of the Pacific Coast Entomological Soci- 
ety. Dr. E. Gordon Linsley, assistant professor, has 
been reelected secretary. (Science) 


Dr. Guy F. MacLeod, professor of entomology at 
the University of California, has been appointed 
chief of the chemicals and fertilizer branch of the 
Chemical Division of the War Food Administration. 


(Science) 











SCIENTIFIC NOTES 


Toxicity of Thiourea and Phthaloni- 
trile to Housefly Larvae 


E. R. McGovran and P. G. Piqvett, U.S. D. A. 
Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


The control of the breeding of houseflies is im- 
portant at all times and is especially important in 
the protection of military personnel and the civilian 
population under war conditions. With this in mind, 
laboratory tests were made with a number of the 
more potent new insecticides to determine their tox- 
icity to housefly larvae. 

Sodium fluosilicate has been used to control fly 
larvae by Sanders (1942). Hellebore, borax, calcium 
cyanamid, and superphosphate have been suggested 
to kill fly larvae in manure (Bishopp 1939). 

Of the newer materials found toxic to insects, 
thiourea was reported toxic to larvae of Lucilia 
sericata (Meig.) by Hoskins et al. (1940), and 
phthalonitrile was reported toxic to a number of 
leaf-feeding insects by Swingle et al. (1941). Thio- 
urea is soluble in water, whereas phthalonitrile is 
practically insoluble. 

The fly larvae, Musca domestica, L., were reared 
on a modification of the formula published by Eagle- 
son (1937). The eggs were placed on a mixture of 
248 gm. of crushed oats, 15 ml. of syrup, 125 mg. 
of dried brewer's yeast, and 235 ml. of water. The 
mixture was placed in a 6-inch battery jar and al- 
lowed to stand for 3 days. One ml. of housefly eggs! 
suspended in 10 ml. of water were then poured on 
the surface of the medium. Active third instars that 
were nearly full-grown were taken from this me- 
dium and used in the tests. 

The test materials in powdered form were added 
to approximately 23 gm. of oats in a 150-m]. beaker 
and thoroughly mixed. Thirty milliliters of a mix- 
ture of 125 mg. of brewer's yeast, 15 ml. of syrup, 
and 235 ml. of water was added to each beaker. 
Each beaker was then infested with from 50 to 200 
larvae. The larvae were reared and the tests were 
made at 75° F. and 70 per cent relative humidity. 
The infested beakers were covered with cloth and 
held until all surviving insects had emerged. The 
adults that emerged were counted and the per- 
centage of mortality was calculated. 

Borax was included as a basis for comparison of 
the toxicity of the other materials. The results are 
given in table 1. 


Table 1.—Mortality of housefly larvae in an 
artificial medium treated with insecticide. 








CoNCEN- MortTALity 
TION OF Mortauity Causep By Mortality 
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Usrep THIOUREA ONITRILE Borax 

Per Cent 

oy Weight Per Cent Per Cent Per Cent 
0.224 — _ 100 
0.112 100 100 81 
0.050 99 68 0 
0.028 96 53 —_ 
0.014 86 0 _— 
0.007 Q —_ _ 





1 The authors wish to thank J. H. Fales for supplying the 
used to rear the larvae for these tests. 9 oe a 


These data show that under the conditions of 
these tests thiourea, phthalonitrile, and borax 
ranked in the order named in toxicity to the larvae. 
The first two materials caused 100 per cent mor- 
tality at one-half the concentration of borax that 
caused an equal mortality. Thiourea at 0.014 per 
cent killed approximately the same percentage of 
larvae as borax did at 8 times this concentration. 
9-10-43. 

Summary.—In laboratory tests on third instars 
of Musca domestica, thiourea and phthalonitrile 
were found to be highly toxic to this insect when 
added to the larval medium.—9-10-43. 
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Two Foreign Bean Pod Borers 
Discovered in Texas 


Amis L. Wituramson, U.S. D. A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Epinotia opposita Hein.—In December 1941 the 
pods of green string beans in several localities in the 
southern part of the lower Rio Grande Valley of 
Texas were found to be attacked by the larvae of 
an olethreutid moth. Reared adults were determined 
by Carl Heinrich as Epinotia opposita Hein., a spe- 
cies not heretofore recorded from the United States. 
Larvae were also noted in string beans in April and 
December 1942. No infestation was observed in the 
spring of 1943; however, an exhaustive survey was 
not made. 

This species was described by Heinrich (1931) 
from alfalfa and cowpeas at Lima, Peru. Adults have 
also been reared from larvae feeding in string beans 
originating in Mexico. The collection in the United 
States National Museum contains additional speci- 
mens from Guatemala, Costa Rica, Chile, and 
Argentina, those from the last-named country hav- 
ing been reared from Vicia faba. Brucher (1941) 
states that Epinotia opposita Hein. was observed as 
a pest of string beans in Chile since 1932 and dam- 
aged 50 per cent of the production in Quillota in 
1940-41, although the usual extent of injury is from 
10 to 20 per cent of the marketable yield. 

Maruca testulalis (Geyer).—Adults reared from 
larvae found feeding in the pods of string beans in 
the vicinity of Olmito, Tex., in the lower Rio Grande 
Valley, in June 1943 were determined by Carl 
Heinrich as this species. At the time this pest was 
discovered no other green string beans were growing 
in the valley; however, the larva was not found in 
two fields of lima beans located about 25 and 50 
miles, respectively, from the field where the infesta- 
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tion was observed. A limited survey also failed to 
reveal the presence of the pest in Crotalaria incana, 
a recorded wild host in Puerto Rico, found growing 
near the beach at Boca Chica, Tex. This well- 
known pest of leguminous pods is distributed 
throughout the tropical and subtropical world, but 
heretofore it has not been recorded from the con- 
tinental United States.—11-1-43. 
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Insecticidal Tests with Phelloden- 
dron amurense Extractive and 
Several of Its Fractions 
W. N. Sutzurvan, Mitton S. Scuecuter, and 


H. Boe H ALLER, U.S.D.A.., Agr. Res A Im 9 Bu- 
reau of Entomology and Plant Quarantine 


In a brief note on the insecticidal properties of the 
fruit of Phellodendron spp. (amurense Rupr.), Haller 
(1940) reported that preliminary results obtained 
with the nonvolatile portion of the fruit extractive 
against mosquito and codling moth larvae and adult 
houseflies were sufficiently promising to warrant 
further studies with this material. Roark (1939), in 
a discussion of agricultural products as insecticides, 
had previously mentioned these findings. Chemical 
studies of the principle responsible for the insecticid- 
al action and results with houseflies and goldfish 
have already been published (Schechter & Haller 
1943). The present paper gives the results of ento- 
mological tests with petroleum ether extracts of the 
fruit and several of its fractions.' 

Previinary Tests.—The initial tests with an 
ether extract of the fruit were made against culicine 
mosquito larvae by a method described by Campbell 
et al. (1933). At a concentration of 10 parts per mil- 


1 The fruit of the Phellodendron amurense was supplied by the 
Division of Hillculture of the Soil Conservation Service. 
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lion this extract in acetone solution gave 62 per cent 
kill in 18 hours. Derris containing 5.2 per cent of 
rotenone used at the same concentration gave only 6 
per cent kill. 

FRACTIONATION Tests.—A chemical fractiona- 
tion of one lot of the extract was undertaken, and 
each fraction was tested in acetone solution against 
the housefly, Musca domestica L., by the turntable 
method. Certain fractions were tested also against 
larvae of the codling moth, Carpocapsa pomeonlla 
(L.),? but these tests did not give such sharp differ- 
entiation as did those against flies. The fractionation 
scheme used, together with the relative toxicity to 
houseflies obtained with each fraction, is outlined in 
the accompanying diagram. The rating of each frac- 
tion is based on two tests, in which the concentration 
was 50 milligrams per milliliter of acetone. It will be 
seen that some of the fractions are much more highly 
toxic than the original extract. The most highly toxic 
fraction is fraction B of the molecular distillate. 

Orner Tests With Hovuser.iies.—Other tests 
with petroleum ether extracts of this fruit showed 
that the kill of houseflies varies considerably with 
different lots of the fruit and also with its stage of 
maturity. When dissolved’ in acetone at a concentra- 
tion of 50 milligrams per milliliter, the extract killed 
on an average about 50 per cent of the flies, but the 
extract from one lot of fruit gave an 88 per cent kill. 
On the other hand, when a refined high-boiling kero- 
sene was used as the solvent instead of acetone, the 
kill was always negligible, and often zero. Since high- 
boiling kerosene is the solvent in most commercial 
fly sprays, the use of extracts of Phellodendron 
amurense in such preparations does not appear to be 
practical. 

Tests Witu Phellodendron laralli.—The fruit of a 
related species, Phellodendron lavalli, was also found 
to have insecticidal properties. A solution of the 
petroleum ether extractive at a concentration of 50 
mg. per milliliter of acetone was about as toxic to 
houseflies as an extractive of P. amurense. 

Summary.—Extracts of the fruit Phellodendron 
amurense showed considerable toxicity to mosquito 
larvae and when tested in acetone solution to adult 
houseflies. When dissolved in high-boiling kerosene, 
such as is used in fly sprays, the extracts showed 


2 These tests were made by E. H. Siegler, of the Bureau of 
Entomology and Plant Quarantine. 
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__ Phthalic anhydride 


Molecular distillation 





Ethanol soluble (toxic) 
} 





Unsaponifiable fraction (toxic) 


| 


Fraction that did not react with phthalic 
anhydride (highly toxic) _ 


| 
Fraction D, residue 
(nontoxic) 


| 
Fraction C, 150—200° 
(nontoxic) 
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practically no toxicity. The commercial use of these 
extracts for controlling houseflies therefore does not 
seem practical. Chemical fractionation of the ex- 
tract gave fractions that were much more toxic to 
housetlies when tested in acetone than the original 
extract. A related species, P. laralli, was found to 
have a similar toxicity to houseflies. 
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The Relative Effectiveness of Some 
Corn Earworm Control Measures 
in Sweet Corn 
Raupx H. Davinson, Ohio State University, 
Colu mbus 


A rather widely accepted method for the control 
of corn earworm in sweet corn is the use of pyreth- 
rins in mineral oil as introduced by Barber (1940). 
Because of pyrethrum shortage due to the war, other 
materials have been suggested as toxicants in the 
mineral oil in place of the pyrethrins, namely, 
dichloroethyl ether (Barber 1941) and styrene di- 
bromide (Barber 1943). 

Results from clipping or de-silking experiments as 
described by Carruth (1936) and Barber (1938) indi- 
cated this method to be unsatisfactory, while Em- 
mert & Price (1942) concluded it was more effective 
than the pyrethrum-mineral oil treatment. 

With the thought in mind of determining the 
comparative effectiveness of a few of these materials 
and methods for earworm control an experiment was 
conducted at University Farm on a late planting of 
hybrid sweet corn.! 

The clipping of silks method was compared with 
styrene dibromide? in mineral oil (1 gram per 100 ce. 
mineral oil, viscosity 125 to 135 seconds Saybolt) 
and the standard pyrethrum-mineral oil (0.2% 
pyrethrins) treatment. 

One hundred ears were used in each of the follow- 
ing treatments: mineral oil plus pyrethrum; mineral 
oil plus styrene dibromide; clipping silks; and an 
untreated check. All treatments were made on 
August 30, 1943. The stage of development of the 
corn at that time was approximately six days after 
silking. This was determined by preliminary obser- 
vations and is indicated by the ends or tips of the 
silks beginning to turn brown. The oil-treated ears 
each received .6 cc. injected by means of a special 
applicator, and they were tagged in order that only 
those so treated would be checked at harvest. The 

! Furnished through the cooperation of Dr. J. B. Park, Dept. 


of Agronomy, Ohio State University. 
* Supplied by the Dow Chemical Company, Midland, Mich. 





Vol. 36, No. 6 


clippings from the clipped ears were removed from 
the field. 

The ears were harvested on September 13th and 
checked for earworm injury. If worms were present 
in the silks either dead or alive but had not fed any 
upon the ear proper, it was counted as being clean. 
The results are as follows: 


Mineral oil-styrene dibromide 91.7% clean ears 
Mineral oil-pyrethrum 81.6% clean ears 
Clipping silks 61.0% clean ears 


Untreated Check 21.3% clean ears 


SummMary—The results of these tests indicate 
that styrene dibromide (alpha-beta-dibromoethyl- 
benzene) when dissolved at the rate of one gram per 
100 ce. of mineral oil, was more effective than .2% 
pyrethrins in mineral oil or the clipping of silks 
method for control of corn earworm in sweet corn. 
The usual ear tip injury observed by previous 
workers with mineral oil combinations was evident. 
Clipping was definitely inferior to the oil treatments 
for earworm control.—10-27-43 
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Mosquitoes of Texas 
T. McGrecor! and R. B. Eaps? 


Bureau of Laboratories, Texas State Department 


of Health, Austin, Texas 


Many random mosquito collections have been 
made in Texas by various individuals. Some of these 
records have been recorded in literature and others 
have not. There has been no attempt to compile all 
of the species taken in Texas into one article. Due to 
the present national emergency particular attention 
is being directed toward mosquito control in order 
to keep down the spread of mosquito borne diseases 
in and around army camps, naval bases, and war 
production areas. It is most advantageous to know 
the species of mosquito that have been reported 
from an area where mosquito control measures are 
to be applied. It is with this in mind that this paper 


! Lieutenant, Sanitary Corps, Army of the United States. 
? Ensign, Class H-V(S), United States Naval Reserve. 
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Table 1.—Mosquitoes taken in Texas and the areas in which they occur. 

















GENUS, SPECIES 


Aedes 
aegy ptt 
alleni 
atlanticus 
atropal pus 
bimaculatus 
campestris 
gonimus 
hirsuteron 
infirmatus 
mitchellae 
nigromaculis 
scapularis 
sollicitans 
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zoosoph us 

Anopheles 
albimanus 
atropos 
barbert 
crucians 


pseudopuncti pennis 


punctipennis 


quadrimaculatus 


Culex 


abominator 
apicalis 
coronator 
erraticus 
nigripal pus 


quinquefasciatus 


restuans 
salinarius 
tarsalis 


thriambus 


Deinocerites 


spanius 


Mansonia 


perturbans 
titillans 


Mega rhinus 


septentrionalis 


Orthopodomyia 


signifera 


Psorophora 


ciliata 
confinnis 
cyanescens 
discolor 
ferox 
horrida 
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signipennis 
Theobaldia 


inornata 


Uranotaenia 
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14 
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3, 4, 5, 6, 7, 8, 10 
1.2% 3,4 
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1, 2, 3, 4, 8, 9, 10 
All 

1, 3, 4, 10 

1, 3, 4, 10, 11 
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Breepinc Time 





Throughout year 


Early spring; summer 
Early spring; summer 
Early spring; summer 


Spring, summer 


Early spring through fall 


Summer 
Summer 


Early spring; summer 


Summer 

Throughout year 
Throughout year 
Throughout year 
Throughout year 
Early spring; fall 


Early spring through fall 


Spring; summer 
Spring; summer 
Throughout year 
Summer 


Throughout year 


June to September 


Summer 

Throughout year 
Throughout year 
Throughout year 


Throughtout year, at least 


in south 


Early spring through fall 
Fall through spring 


Throughout year 
Throughout year 
Throughout year 
Throughout year 
Throughout year 
Throughout year 
Throughout year 
Summer 


Spring, summer 


Spring, summer 


Early spring through fall 


Spring, summer 


Early spring, summer 


Early spring through fall 
Throughout year in south 


Summer 


Early spring; summer 


Summer 
Summer 
Summer 
Summer 


September to March 


Early spring; summer 
Early spring; summer 
Early spring; summer 


Economic ImporTANCE 





Transmit dengue, pests 
None 

None 

None 

None 

None 

None 

None 

None 

None 

Occasional pests 
Important pest (Area 1) 
Important pests 
Important pests 
Occasional pests 

Pests 

Seldom pests 

None 

Important pests 

None 


A pest, possibly transmits malaria 
None 

None 

A pest, possibly transmits malaria 
A pest, possibly transmits malaria 
A pest, possibly transmits malaria 
A pest, transmits malaria 


None 

None 

Pests 

Pests 

None 
Important pests 
Seldom pests 
None 

Pests 


None 


None 


Pests in restricted areas 
Pests 


None 
None 


Occasional pests 
Important pests 
Pests 
Pests 
Occasional pests 
None 
None 
Occasional pests 


None 
None 


None 
None 
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has been prepared, and it is hoped that the informa- 
tion included will be of value to camp sanitary tech- 
nicians and others charged with mosquito control in 
Texas. 

The majority of the species included were taken 
by personnel of the Texas State Department of 
Health, and specimens are in the Department col- 
lection at Austin, Texas. However, the records and 
specimens of the Texas Agricultural Experiment 
Station, College Station, Texas, were made avail- 
able for study by Dr. F. L. Thomas and Dr. H. J. 
Reinhard. Captain E. S. Ross, Sanitary Corps, 
Army of the United States, also contributed valuable 
information.—9-17-43. 














Map of Texas showing distributional areas 
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Some Observations on Chiggers 


Roy Me tvyin, Cuarzes L. Sauirn, 
and Owen H. Granam 


Bureau of Entomology and Plant Quarantine, 
Agricultural Research Administration, 
U. 8. Department of Agriculture 


The primary purpose of this report is to present 
results of some observations on the biology of 
chiggers in central Texas, especially with regard to 
host and seasonal abundance. The data were col- 
lected while the authors were conducting some pre- 
liminary tests on chigger prophylactics at Menard. 

Eutrombicula alfreddugesi (Oud.) is the predomi- 
nant species' in central Texas and was taken from 


1 Neoschongastia americana (Hirst) was present on chickens at 
both Uvalde and Menard, Tex. 
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Angora goats, the coach-whip snake, chicken snake, 
chicken, dove, chaparral-cock, red-headed sapsucker, 
horned lizard, armadillo, gray squirrel, and man. 
This species is most abundant early in the spring 
and in the fall along wooded stream beds, but for 
reasons not fully understood it is very numerous 
during the hot, dry summer months in small iso- 
lated areas on high, brushy range land. A tentative 
explanation is the fact that goats, which are occa- 
sionally so heavily infested as to produce sores 
vulnerable to the screwworm, rest in the shade in 
such areas, and that infested birds nest and roost 
there. 

The exposure of chicks from 2 to 3 weeks old for 
6 to 8 hours in suspected territory was found very 
satisfactory for locating infested areas and deter- 
mining the trend of chigger population. Chicks of 
white-skinned breeds are more desirable for these 
exposures because of the ease with which the chig- 
gers can be located on them. Such chicks were also 
found to be very satisfactory for testing chigger 
prophylactics. Details of these studies will be pre- 
sented later. 

Studies on the length of the larval period show 
considerable variation, depending on the host. For 
example on young chicks with a known period of 
infestation, the length of the larval period averaged 
5.9 days, with a maximum of 7 days, whereas on 
horned lizards collected in nature, the date of in- 
festation being unknown, the average larval period 
after collection was about 30 days, with a maximum 
of 65 days. The 65-day maximum period was ob- 
tained on a horned lizard collected on July 14 and 
maintained ina glass jar in the laboratory. Such lar- 
val periods during summer months suggest the 
possibility of chigger larvae overwintering on hiber- 
nating hosts. This matter should be investigated. 

For the first few hours after detaching themselves 
from their host, larvae of Eutrombicula alfreddugesi 
are active crawlers, being able to climb perpendicu- 
lar glass walls. By the end of the first day, how- 
ever, they become quiescent, the legs are retracted, 
and no effort is made to attach to the objects upon 
which they are placed. This facilitates manipulation 
of specimens. 

When placed in dry, stoppered shell vials, some 
of the larvae transform within 3 days into sluggish, 
nonreddish, semitransparent nymphs. Others, how- 
ever, become slightly shriveled, remain quiescent, 
and molt at irregular intervals for at least 2 months 
but can be induced to molt over night by addition 
of a little moisture. 

The effect of chiggers on humans is well known 
Literature contains but few references on the effect 
of chiggers on other hosts. In the case of Eutrom- 
bicula alfreddugesi, some observations have been 
made that seem worthy of presentation at this time. 
With birds, Angora goats, and squirrels the reaction 
seems to be very similar to that produced in man 
Reddening of the area involved occurred in arma- 
dillo infestations but did not seem nearly so pro- 
nounced as the reaction produced in the above- 
mentioned animals. With horned lizards most of the 
larvae attached on the ventral and lateral neck folds, 
producing no noticeable irritation; however, speci- 
mens have been observed where several chiggers 
attached near the eyes and produced sufhcient swell- 
ing to cause temporary blindness. On snakes the 
site of attachment was invariably the membrane 
beneath the scales. No irritation was observed, even 
on a snake on which more than 5,000 E. alfreddugesi 
were attached.—4-14-43. 
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The Chemical Nature of Copper- 
Arsenic Insecticides 


R. H. Carter, H. D. Mann, and C. M. Smrra, 
U.S. D. A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


The first arsenical to come into widespread use as 
an insecticide was a copper compound, paris green. 
The literature also contains many references to cop- 
per arsenite as an insecticide. In the past few years 
American manufacturers have brought out two 
products designated basic copper arsenate and 
copper hydroarsenate. It is the purpose of this article 
to acquaint entomologists with the chemical nature 
of all the copper-arsenic insecticidal products as 
checked by recent analyses in this laboratory. Since 
all the compounds discussed are cupric salts, the 
term “copper” as used herein always refers to that 
element in the divalent state. 

Paris Green.—The nature of this compound 
is so well known as to need little discussion here. 
It is generally conceded to be a double compound 
of copper metaarsenite and copper acetate with 
a composition corresponding to the formula 
8Cu(AsO,),: Cu(C,H,O.)2. This formula calls for the 
presence of 31.39 per cent CuO, 58.55 per cent 
As.Os, and a molecular ratio CuO/As.O, of 4:3, or 
1.33: 1. 

Fisher & Bailey (1937), in reviewing the analyses 
(presumably on the “‘as were” basis) published in 
the period 1922-1933, record an average of 30.27 
per cent CuO for 18 samples, and 55.9 per cent As,Oy 
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for 41 samples, including the 18 previously men- 
tioned. This makes the average molecular ratio 
1.34:1 and the purity about 96 per cent. Dearborn 
(1937) later published analyses of 9 samples, a sum- 
mary of which is included in table 1. In this case 
moisture determinations were made, which showed 
the presence of 0.34 to 0.88 per cent, and the results 
given in the table are calculated to the moisture-free 
basis. The average molecular ratio again is 1.34:1. 
There is no reason to doubt the formula generally 
accepted. 

Homo.ocs or Parts Green.—Avery (1906) first 
reported the existence of other complex compounds 
of arsenic and copper similar in structure to paris 
green but containing fatty acids other than acetic 
acid. Dearborn (1935-7) greatly extended our knowl- 
edge of this type of compound, making homologs 
containing the higher fatty acids, such as palmitic 
and stearic acids. Roark (1942) has reported the 
results of insecticidal tests made with them. They 
can be considered as having the composition repre- 
sented by the general formula 3Cu(AsO,).: CuRg, in 
which R represents a fatty acid minus one hydrogen 
atom, and they can be, within limits, either saturated 
or unsaturated. They have not attained any com- 
mercial importance. 

Copper Arsenite.—The first mention in the 
Review of Applied Entomology of the use of copper 
arsenite as an insecticide appeared in 1914. Numer- 
ous subsequent references have appeared in that 
journal, but the compounds used were not definitely 
identified in any instance. 





Table 1.—Analyses of copper-arsenic compounds used as insecticides.' 





Mo.ecuLtarR WaATER- MEAN 
Ratio SoLuBLE PARTICLE 


MATERIAL SAMPLES Cud As,O; CuO/As.0; As,O; DItamMerter? 
Number Per Cent Per Cent Per Cent Microns 

Paris green 9 Min. 30.0 56.1 1.33 0.47 15 
Max. 31.1 57.3 1.35 2.12 $1 
Av. 30.55 56.86 1.34 1.21 

Copper arsenite 5 Min. 47.0 38.1 3.03 ean 0 
Max. 48.2 38.9 3.13 2.6 1.0 
Av. 47.88 38.46 3.08 2.95 0.5 

Copper metaarsenite 3 Min. 27.4 66.3 0.99 5 3 
Max. 28.8 69.4 1.08 1.5 - 
Av. 28.13 67 .85 1.02 0.82 — 

AsO; Cu0/As.0; AsO; 

Basic copper arsenate 18 Min. 53.2 36.6 4.01 0.01 0.5 
Max. 55.8 38.7 4.28 0.29 1.6 
Av. 54.46 38.20 4.10 0.10 0.9 

Basic copper arsenate+sulfur 1:1 15 Min. 26.1 18.4 4.05 0.07 3 
Max. 27.8 19.8 4.16 0.28 4 
Av. 26.95 18.94 4.11 0.19 3.5 

Basic copper arsenate+-sulfur 1:2 2 Min. 18.6 13.0 4.13 0.07 5 
Max. 18.8 13.1 4.15 0.14 5 
Av. 18.7 13.05 4.14 0.10 5 

Copper hydroarsenate+sulfur 1:1 5 Min. 25.0 16.5 3.93 0.10 0.5 
Max. 26.1 18.1 4.57 0.30 0.5 
Av. 25.3 17.4 4.19 0.21 0.5 





' Analyses of paris green were made by Dearborn (1937); all other analyses were made by the writers. ; 
? The results for paris green refer to that particle diameter, determined by sedimentation, which divides the sample into two equal 
parts by weight. All other figures refer to surface mean diameter as determined by the air-permeation method. 
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Since arsenious acid acts in some cases as a poly- 
basic acid, the possibility of more than one type of 
salt is suggested, and various handbooks record the 
properties of several supposedly definite compounds. 
Recently Luchinskii & Churilkina (1940) reported a 
phase-rule study of the system CuQ—As,0;-H,0 in 
which they found evidence for the existence of three 
types of salt, namely, Cus(AsO;),-3H,O, CuHAsO, 
(without and with 1/2 H,O) and Cu(AsO,),.- H,O. 
The last is the compound which, together with cop- 
per acetate, constitutes paris green. 

Copper arsenite is not widely used in this country, 
and is not manufactured to any extent as an agri- 
cultural insecticide, but it is now attracting renewed 
attention as a possible larvicide against anopheline 
mosquities. Five samples obtained recently from 
chemical supply houses, and known to represent the 
products of not more than four manufacturers, 
showed the composition given in table 1. All showed 
molecular ratios CuO/As,O; close to 3:1, agreeing 
with the formula Cu;(AsO;),:xH,O. We are not con- 
vinced that they really consisted wholly of such a 
compound. Since they must have been made in an 
alkaline medium, they might contain some cuprous 
oxide and arsenic oxide coming from the interaction 
of the original cupric oxide and arsenious oxide, 
which interaction is known to occur under some 
circumstances. However, we could devise no scheme 
of analysis that would unequivocally reveal the true 
state of combination, and our results, together with 
those of Luchinskii & Churilkina, force us to conclude 
at present that there is a “normal” or tribasic, copper 
arsenate. 

Carter & Smith (1941) called attention to pecu- 
liarities in the analytical figures obtained on several 
samples of insecticidal material sold as paris green, 
and showed that two samples approximated closely 
to simple copper metaarsenite, Cu(AsQO;),- H,O. 
These results, together with those for another more 
recent sample, are summarized in the table and, 
together with the results of Luchinskii and Churil- 
kina, leave little doubt as to the existence of this 
compound. So far as we know, copper metaarsenite 
is being produced by only one manufacturer in the 
United States. 

Basic Coprer ArsENATE.—One American manu- 
facturer brought out a product under this name 
about 1939, and since then considerable insecticidal 
testing with it has been reported. The composition 
was stated by Witman et al. (1939) to correspond to 
the formula Cu(CuOH)AsO,y The results of our 
analyses of 18 samples, representing an unknown 
number of batches, are shown in the table, and ap- 
proximately confirm this formula. Most of the sam- 
ples were slightly more basic than the formula indi- 
cates, and averaged only about 94 per cent pure. 
Seventeen other samples of mixtures of the com- 
pound with sulfur are also included in the table, and 
in every case the molecular ratio CuO/As,O; is 
reasonably close to 4:1 as required by the formula 
cited. 

Another American manufacturer has recently put 
out a product which he designates ‘copper hydro- 
arsenate,” and which is said (Seibert & Roller 1943) 
to contain basic tricupric arsenate, Cu;(AsO,), 
-Cu(OH)>. This formula represents the same com- 
pound as that just discussed. The copper hydro- 
arsenate is made from arsenic acid, copper sulfate, 
and lime, and the byproduct calcium sulfate is left 
in. It is stated to contain from 41 to 46 per cent of 
the basic arsenate, depending on the temperature at 
which it is dried. Table 1 shows the results of our 
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examination of five samples of the product. The 
molecular ratio CuO/As,O; averaged 4.19:1, which 
is closer to the 4:1 ratio demanded by the formula 
given than to any other simple formula. 
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Di-n-butylamine as a Fumigant 


By E. L. Mayer and A. M. Parturps,' U. 8. D. A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


The toxicity of di-n-butylamine against the rice 
weevil has been shown by Roark et al. (1929), who 
used half-liter erlenmeyer flasks as fumatoria. 
Ninety per cent of the insects were killed with a 
dosage of 370 mg. per liter (the maximum dosage 
tested) and a 24-hour exposure period. In these tests 
the bettles were placed on the bottom of the flask 
and covered with 200 grams of wheat. High mor- 
talities were obtained by Hoskins et al. (1940) on the 
third instar of the fleshfly Lucilia sericata and by 
Ralson et al. (1941) on adult houseflies in a 
30X30 30-inch modified Peet-Grady chamber. 
Dahm et al. (1941), however, reported no appre- 
ciable knockdown or mortality against the adult 
housefly with the large-group Peet-Gsrady procedure. 

Di-n-butylamine is a colorless liquid at all natural 
temperatures, with a specific gravity of 0.767 at 
20°/4° and a boiling point of 161°/C. The material 
has a strong, rather disagreeable odor. 

The results of preliminary fumigation tests in 
gallon-jar fumatoria made by the writers showed 
that adults of the rice weevil Sitophilus oryza (L.) 


1 Transferred to the Division of Fruit Insect Investigations 
July 1, 1941. 
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and the cowpea weevil, Callosobruchus maculatus 
(F.), were very susceptible to the vapors of di-n- 
butylamine when not in the presence of grain. The 
beetles were confined in half-inch brass tubing con- 
tainers, each 3 inches long having 8 rows of thirty- 
second-inch holes to allow penetration of the 
vapors. In all tests but one, where a hot-plate was 
used, the chemicals were allowed to volatilize from 
filter papers. The exposure period for all tests was 
24 hours, and after a lapse of another 24 hours 
mortality counts were made. 

Two types of tests were made to determine the 
minimum lethal dose under varying conditions. The 
objects of one series was to ascertain the effect on 
the beetles alone. A second group of experiments was 
conducted to compare the penetrative qualities of 
the chemicals by imbedding cages of weevils in the 
centers of 4 by 8-inch screen baskets of corn or 
wheat. Similar tests were made with corn meal in a 
600-m]. beaker, with the insects placed at half-inch 
intervals from the surface. In the latter tests two 
methods were used to volatilize the di-n-butylamine, 
one being by use of the filter papers and the other 
means of a small hot-plate. Other tests were made 
to determine the effect of a saturated atmosphere on 
seeds of eggplant, lettuce, carrot, pepper, tomato, 
and corn. 

Resu.ts.—The results as presented in table 1 
indicate that di-n-butylamine was more efficient 
than carbon disulfide as a fumigant when insects 
alone were subjected to their vapors. 


Table 1.—Comparison of the effectiveness of 
di-n-butylamine and carbon disulfide in 24-hour 
exposure periods. 








Dr N-BUTYLAMINE CARBON DISULFIDE 


‘ce. per Per cent Ce. per Pe or cent 
‘= mortality liter mortality 


Rice Weevil 


0.0018 4 0.0053 8 
0.0026 69 0.0159 93 
0.0053 87 0.0239 100 
0.0079 100 
Cowpea Weevil 
0.00026 38 0.0053 13 
0.00079 71 0.0106 74 
0.00182 97 0.0159 100 
0.00212 100 





To obtain 100 per cent mortality of the rice weevil 
with a minimum of chemical, three times as much 
(by volume) of carbon disulfide as of di-n-butylamine 
was required. However, when the dosage is applied 
by weight rather than by volume, the ratio becomes 
greater in favor of the effectiveness of di-n-butyl- 
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Table 2.—Comparison of minimum lethal 
doses of di-n-butylamine and carbon disulfide 
when applied by volume and by weight. 








POUNDS PER 





Cc. PER 1000 Custc 
LITER FEET 
Rice Weevil 
Di-n-butylamine 0.0079 0.38 
Carbon disulfide 0.0239 1.87 
Ratio 1:3 1:4.9 
Cowpea Weevil 

Di-n-butylamine 0.00212 0.101 
Carbon disulfide 0.0159 1.24 
Ratio 1:7.5 1:12.2 





amine. Similar comparisons pertaining to the cowpea 
weevil may be obtained from table 2 

Di-n-butylamine is about as effective as carbon 
disulfide in penetrating grain the size of corn. As the 
size decreases, however, this property is not so good. 
Tests with corn meal showed definitely that the 
penetrative power of this material is very poor, 
since only the weevils at the half-inch level were 
affected. At this depth, however, 100 per cent mor- 
tality was obtained. Since it took 22 hours for 98.5 
per cent of a 4-cc. sample of the material to volatilize 
from a small piece of celotex, a small hot-plate was 
employed in this test, about 5 minutes being thus 
required to volatilize 2 cc. completely from a small 
beaker. This more rapid method of producing the 
vapors had no effect on the final mortalities at the 
different levels. With the use of an equal volume of 
carbon disulfide at 100 per cent mortality at a depth 
of 4 inches was obtained. The corn meal turned 
yellow to the depth of penetration of di-n-butyl- 
amine; this discoloration, however, disappeared after 
the corn meal had stood in an open dish for 2 days. 

Fumigation with di-n-butylamine in a saturated 
atmosphere had very little effect on the germination 
of vegetable seeds. 
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International Entomology 


UNDER THE SHADOW of World War IT, 
the science of Entomology stands on the 
threshold of a new year. When the present 
conflict had its inception, few of us, I 
think, realized the importance of the de- 
velopments of the near future. We are all 
agreed that the war situation has affected, 
in varying degree, the work of the average 
entomologist. To argue against restric- 
tions under conditions such as exist at 
present, would be as foolish as it would be 
unpatriotic. Only those who are ignorant 
of the facts or selfishly unconcerned with 
the outcome of the present conflict would 
do so. When this struggle is over, which 
we all hope will be soon, the entomologist 
will surely benefit from the important de- 
velopments which are taking place in in- 
secticide and other researches. 

In 1938, I attended, with members of 
my family, the World Congress on En- 
tomology, held in Berlin, Germany. It was 
a good congress, and our hosts seemingly 
were sincere in their efforts to make our 
stay in Germany both pleasant and 
profitable. Following the meetings in Ber- 
lin, we proceeded to Prague, with Dr. 
Komarck, Head of the Institute for Forest 
Protection in Czechoslovakia, and Dr. 
Hardy, of the Farnham House Labora- 
tory, Imperial Institute of Entomology. I 
was desirous of visiting areas in Sudeten- 
land where parasites of the European 
Spruce sawfly had been collected, under 
Dr. Hardy’s direction, for shipment to 
Canada. Little did we know at the time 
that German Armies would be marching 
into Sudetenland six weeks hence. As a 
matter of fact, soon after we were in 
Czechoslovakia, the political situation 
was such as to make it impossible to con- 
tinue the parasite work and Dr. Hardy 
was recalled to England. 

In addition to the Berlin Congress, it 
has been my good fortune to represent 
Canada at other international, or empire, 
conferences on Entomology, namely at 
Wageningen, Holland, 1923; London, 
England, 1925; 1930, and 1935; Ithaca, 


New York, 1928; Paris, France, 1932; 
Madrid, Spain, 1935; and Brussels, Bel- 
gium, 1938. Attendance at these world 
and empire conferences resulted not only 
in the immediate development of projects 
useful to Canada, but also provided op- 
portunities for keeping the Canadian 
Entomological Service in continued touch 
with leading entomologists in different 
countries of the world. 

Dr. L. O. Howard, President of the 
Ithaca Congress, in his closing remarks to 
the assembled delegates, said: ““The most 
obvious characteristic of this congress has 
been enthusiasm. All of us have felt it in 
an extraordinary degree. It is by far the 
largest meeting of entomologists ever held 
and its international character makes it 
the most important. It has marked to a 
striking extent the rapidly growing inter- 
est in entomology as a science and the 
widespread appreciation of its impor- 
tance.” 

Among the resolutions adopted at the 
locust conference in Brussels, in 1938, the 
following related to North America: “The 
conference records its appreciation of the 
research and control measures which have 
been carried out by both the governments 
of Canada and the United States, and 
also of researches which have been carried 
out by scientific institutions in those 
countries. The conference records its satis- 
faction at the close collaboration that has 
been achieved by the entomologists of 
both Canada and the United States and 
hopes that this may be maintained.” 

On a previous occasion the writer stated 
that entomology in Canada and the 
United States recognizes no national bar- 
riers. For considerably over one hundred 
years friendly relations have existed be- 
tween the two countries and no natural 
science disputes, serious in nature, have 
developed. James Fletcher, in 1885, stated 
that “from the geographical position of 
Canada and the United States many of 
our interests and theirs are naturally 
identical.” F. M. Webster, in 1898, said: 
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“In all these matters, Canada and the 
United States are one, and this being 
true, there must be no lines of separation 
between the entomologists of these two 
countries.”” Howard, in 1930, referring to 
cooperation between the Canadian service 
and that of the United States, stated: 
“Nothing could be more ideal than the 
conditions, in this respect, that have 
existed. ... Our problems are the same; 
our ends are the same; and, of course, we 
are aided in this community of spirit by 
the common language and by similar 
methods of training.” 

During my term of office as Dominion 
Entomologist (1920-42) I have always 
welcomed opportunities for the holding of 
conferences between Canadian and United 
States entomologists. Many such have 
been held. These undoubtedly resulted in 
much benefit to workers of both countries. 
The European Corn Borer Conferences 
held in September 1926, at Chatham, Ont., 
and Detroit, Mich., as I stated several 
years ago, illustrated a most interesting 
and valuable advance in international co- 
operation. Probably at no previous time 
in the history of applied entomology had 
there been such a joint effort to devise 
ways and means of defeating an insect 
which had developed into an extremely 
important international menace. 


From WituiaM R. Horsratyi 


I write to you as a representative of the American 
Association of Economic Entomologists to wish the 
Association well on the eve of another annual meet- 
ing. My memories of past meetings have been of 
the most pleasant. 

A bit of personal history might be useful in the 
file of the Association. I am the Commanding 
Officer of a malaria survey unit in the Southwest 
Pacific Theatre of War. The unit has been in the 
field for nearly three months making collections and 
observations on Anopheles abundance. No better 
assignment could have been given an entomologist. 

Lt. Colonel W. V. King is stationed here. His has 
been a great work in showing the value of having 
trained entomologists in this Theatre. 

Very truly yours, 
William R. Horsfall 
Lt. W. R. Horsfall, O-513051 
17th Malaria Survey Unit 
APO 928, San Francisco, California 
November 9, 1943 (V-Mail) 
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The Imperial Institute of Entomology, 
through the Colonial office, has called con- 
ferences in London, to which the Chief 
entomologists of the overseas Dominions 
and Colonies were invited. These confer- 
ences have been at five-year periods, 
namely : in the years 1920, 1925, 1930, and 
1935. At each conference the whole work 
of the Institute was reviewed and dis- 
cussed by the delegates, and in addition 
contributions on various subjects of ento- 
mological research of value to workers 
throughout the Empire were presented. 
Owing to present world war conditions no 
conference of this series has been held 
since 1935. 

As the science of entomology develops 
in future years, and this troubled world 
resumes peacetime activities, so too will 
friendly cooperation continue not only be- 
tween the entomologists of the United 
States and those of Canada, but of other 
countries as well. Other world congresses 
will surely be held. At these, new contacts 
will be established and, through coopera- 
tive effort, results of widespread impor- 
tance will undoubtedly follow. No lack of 
opportunity for research in the field of 
insect control will await the entomologist 
of the future. 

ARTHUR GIBSON 
Ottawa, Canada 





Researcu Funp to Honor 
T. J. HEADLEE 


Establishment of a Thomas J. Headlee Research 
Fund in Entomology was announced at New Bruns- 
wick on January 14 at a tea given in tribute to Dr. 
Headlee who recently retired as head of the ento- 
mology department of the New Jersey College of Agri- 
culture and Experiment Station to become professor 
emeritus of Rutgers University. 

Announcement of the fund was made by Dr. Wil- 
liam H. Martin, dean and director of the institution, 
who reported that it will be used to offer fellowships 
to students at Rutgers who show special promise of 
achievement in basic entomological research. 

“This endowment is being established with two 
practical aims in mind,” Dr. Martin said. “The first 
is to stimulate basic research designed to enlarge our 
knowledge of entomology, and the second to pro- 
mote interest among students in pursuing the funda- 
mental studies in entomology which are most likely 
to equip them for constructive service in the ever- 
widening field of applied research.” 

The tea given in Dr. Headlee’s honor was attended 
by many county Extension workers as well as other 
Rutgers staff members who worked with him from 
time to time during his 31 years with the University. 
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Leonard Septimus AMlcLaine, 1887-1943 


Dr. McLaine was born in Manchester, England, 
June 27, 1887 and died July 20, 1943 at his summer 
home, Lake Bernard, Quebec. At the time of his 
death he was the Dominion Entomologist and also 
Assistant Director of Science Service in Canada. 

His early education was obtained in North Wales. 
About 1897 he with his father and sister came to New 
York where his sister married, his father returning 


to England soon afterward. Following studies at the 
Wilson Lyon School in New York City he entered 
Boston University, but finding that his interests lay 
in a different direction he transferred to the Massa- 
chusetts State College, graduating there in 1910, 
receiving the Bachelor of Science degree, and was 
appointed a graduate assistant there, specializing in 
entomology. Two years later he received the degree 
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Master of Science, based on original research during 
that period and becarie a Massachusetts deputy 
State nursery inspector for a year. 

In 1913 he was engaged by the Entomological 
Branch, Canada Department of Agriculture, as a 
field officer in charge of the brown-tail moth survey 
with headquarters at Fredericton, N. B. where he re- 
mained until 1919 when the Branch was reorganized 
into four divisions and he was appointed Chief of 
the Division of Foreign Pests Suppression and also 
Executive Assistant to the Dominion Entomologist, 
Dr. C. Gordon Hewitt, with headquarters at Ottawa. 

In 1923 a Destructive Insect and Pest Act Advi- 
sory Board was established and Dr. McLaine’s ad- 
ministrative ability had been so evident and his work 
so satisfactory he was chosen Secretary of the Board 
and served as such until 1942, in charge of the ad- 
ministration of the Act. This included the direction 
of a large inspection staff of workers, but in 1933 he 
was also made Secretary of the newly established 
Federal Apple Maggot Advisory Committee to 
supervise the eastern export trade in apples. 

In 1938 a reorganization of the Canadian Depart- 
ment of Agriculture resulted in the appointment of 
Dr. McLaine as Chief of the Plant Protection Divi- 
sion. This not only continued his duties with the 
former Division of Foreign Pests Suppression and 
the Apple Maggot Advisory Committee but added 
to them the administration of the Seed Potato Cer- 
tification Service. 

On January 15,1942 he was appointed Acting Do- 
minion Entomologist, followed July 16 of that year 
at the retirement of Dr. Arthur Gibson from that 
office, as Dominion Entomologist and also Assistant 
Director of Science Service, positions which he held 
until his death. 

He was a member of the American Association of 
Economic Entomologists and was its President in 
1936; a member of the Entomological Society of 
Ontario and its presiding officer in 1936-37; a Fellow 
of the American Association for the Advancement of 
Science; a member of the Ottawa Field Naturalists; 
of the Quebec Society for the Protection of Plants 
(its President in 1939); and of the Canadian Society 
of Technical Agriculturists, in all of which he took an 
active part. 
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Dr. McLaine’s work in his chosen field soon be- 
came largely administrative but his interest in Ento- 
mology itself remained strong and in the investiga- 
tions of those whose work he supervised he was al- 
ways sympathetic and encouraging. But his interests 
were also broad in civic and in national affairs. From 
1937 to 1943 he was a member of the Council of the 
village of Rockcliffe where he made his home and 
was a charter member of the Professional Institute 
of the Civil Service of Canada in which he was very 
active, being its Honorary Secretary in 1927-28 and 
President 1930-31 and also representing the Insti- 
tute on the Advisory Committee on Superannuation 
from 1937 to 1943. In July, 1932 he attended the 
Fifth International Congress of Entomology at Paris 
as a Canadian representative and he also made sev- 
—— to Great Britain in connection with his 
work. 

But the work he loved the most was concerned 
with the protection of Canadian agriculture from the 
ravages of insects, both native and introduced and 
he frequently visited the United States to keep in 
closer touch with what was being done there and 
to promote cooperation of the two nations along 
these lines. 

His ability and the value of his work resulted in 
the action of the trustees of the Massachusetts State 
College conferring upon him May 23, 1943 the de- 
gree Doctor of Science “in recognition of his ac- 
complishments and meritorious service in the field 
of Entomology.” 

After receiving this degree he went to New York 
to visit his sister and while there was taken quite ill. 
He therefore returned to Canada to rest at his sum- 
mer home where he died a year and six months after 
becoming Dominion Entomologist. 

His death marks the end of a most successful ca- 
reer which had promised to continue in wider fields 
for years to come. 

Besides his wife, Kathleen, he leaves three chil- 
dren and many friends who knew and loved him 
well. He was a friendly man, a quick thinker and 
clear speaker and his passing is not only a great loss 
to all who knew him but also to the field which he 
made his life work. 

H. T. Fernaup 


Gilmon Newell, 1878-1943 


Wilmon Newell, provost for agriculture at the 
University of Florida, died at his home in Gaines- 
ville at 8 p.m. on Monday, October 25, 1943. He is 
survived by his wife, Helen (Mabee) Newell and his 
stepmother, Mrs. W. J. Newell of Hull, lowa. He 
had been seriously ill for a period of a year. Funeral 
services were held in Gainesville on October 29. 
The Masonic Lodge of Gainesville conducted the 
burial services. The American Association of Eco- 
nomic Entomologists was represented at the funeral 
by W. G. Bruce of the Bureau of Entomology and 
Plant Quarantine and John T. Creighton of the 
University of Florida. 

Wilmon Newell was born in Hull, Iowa March 4, 
1878, the son of William James and Elizabeth (An- 
derson) Newell. His mother was born in Virginia 
and his father in Nottingham, England. 

He secured his grammar and high school education 
in the grade schools of Hull, lowa, entered iowa 
State College in 1894, and received the Bachelor of 
Science degree in 1897, and the Master of Science 


in 1899. This institution conferred the Doctor of 
Science upon him in 1920, and the same degree was 
conferred upon him by the Clemson Agricultural 
College in 1937. He married Helen Mabee of Gales- 
burg, Illinois, in 1907. 

In 1898, Wilmon Newell became Deputy Entomol- 
ogist on the staff of the Department of Entomology 
of the lowa Experiment Station under Dr. Herbert 
Osborn. In this capacity he served in part as a 
nursery inspector, thereby securing his first pro- 
fessional contact with the plant quarantine phase of 
entomology. He went to the Ohio Experiment Sta- 
tion at Wooster in 1899, and served there as an 
assistant to Professor F. M. Webster until 1902 
when he went to Texas as Assistant Entomologist 
and Apiarist of the Texas Experiment Station. He 
continued in these two capacities until 1903, when 
he became State Entomologist of Georgia. In 1905 
Dr. Newell was appointed Entomologist of the 
Louisiana Experiment Station and Entomologist 
and Secretary of the State Crop Pest Commission. 
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In 1910 he returned to Texas as Professor of En- 
tomology and Experiment Station Entomologist at 
the Texas Agricultural and Mechanical College. In 
1915, he was called to Florida to serve as the first 
Plant Commissioner of the newly created State 
Plant Board. He served as Commissioner until the 
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Dr. Newell’s career is studded with outstanding 
scientific achievements. His first publication was 
issued in 1898. This paper was entitled, “A New 
Species of Aspidiotus.”” Later he published several 
other papers dealing with the Coccidae. Before his 
career was terminated, he wrote more than one 


Gilmon Newell 


time of his death. In 1921, the Florida State Board 
of Control appointed Dr. Newell to be Dean of The 
College of Agriculture, Director of the Florida Ex- 
periment Station, and Director of the Agricultural 
Extension Division. In 1938, he was appointed 
Provost for Agriculture at the University of Florida, 
and continued in this capacity until death. 


hundred and seven scientific papers dealing with 
apiculture, cotton insects, scale insects, and quaran- 
tine and eradication methods. 

In Louisiana, between 1905 and 1909, he made 
some of his finest research contributions. The cotton 
boll weevil was spreading eastward. Dr. Newel) and 
his associates made careful control studies. Dr. L. O. 
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Howard, in his “History of Applied Entomology,” 
wrote: “His name stands out among the workers on 
the cotton boll weevil for the reason that in 1907, 
in Louisiana, he first tried powdered lead arsenate 
against the boll weevil. Large field tests followed in 
1908 and 1909. This was the first use of an arsenate 
in powder form against the weevil, and undoubtedly 
led naturally and directly to the development of cal- 
cium arsenate.” He also conducted history-making 
investigations with poisoned led arsenate bait as a 
boll weevil poison. The Argentine and appeared in 
New Orleans during his period of service in that 
state, and it was his research which served as a 
basis for the control, and in some localized instances 
the eradication, of this important pest. 

When Dr. Newell came to Florida in 1915, he was 
charged with the responsibility of directing the efforts 
toeradicate the citruscanker. His great organizational 
ability was quickly revealed as he carefully trained 
his newly employed personnel, and plotted the 
course of action to be taken. This eradication was 
successfully completed, and the Florida State Plant 
Board became a model for the creation of similar 
organizations in other states. Because of his singular 
eradication success with citrus canker, the adminis- 
trative officers of the Plant Quarantine and Control 
Administration of the United States Department of 
Agriculture, in 1929 urged him to serve as Field 
Director of the eradication campaign against the 
Mediterranean fruit fly in Florida. He accepted and 
the strenuous campaign which he organized and 
directed will serve as model for eradication efforts 
of the future. He put all of his tremendous energy 
into this war against a dangerous agricultural foe, 
and the battle left permanent scars upon him physi- 
cally. Scientific workers throughout the world recog- 
nize Wilmon Newell as the dynamic factor in the 
elimination of this destructive pest from the North 
American continent. 

Dr. Newell's executive ability resulted in his being 
called to positions of administrative prominence. 
He has been recognized as one of the ablest agricul- 
tural administrators of his time. In his capacity as 
Dean of the University of Florida College of Agri- 
culture, he was instrumental in its advancement to 
its present prominence. Serving as Director of the 
Florida Experiment Station he was the driving force 
back of the introduction of the tung tree and instru- 
mental in the establishment of the southeastern 
tung industry. Many noteworthy research accom- 
plishments have been completed by the Florida 
Experiment Station under his direction. 

The foregoing brief résumé of some of the pro- 
fessional accomplishments of this great entomologist 
indicates the prominence which he attained through 
innate ability and hard work. He gave his very life 
to his work and his only regret as he faced the end 
of his journey was, in his own words, “that I shall 


Dr. Frank E. Lutz 


Dr. Frank E. Lutz, of the American Museum of 
Natural History, died at the age of 64 years, on No- 
vember 27, 1943. 

Dr. Lutz has been, for twenty-two years, curator 
of insects and spiders in the Museum. He is best 
known to students of Entomology through his, 
“Field Book of Insects,”’ but has contributed to the 
science of Entomology in many and varied ways. 
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not be permitted to do the many other things that 
I had planned for Florida agriculture and for my 
associates.” His success was in great part due to his 
devotion and loyalty to the State of Florida and to 
his professional associates. He built his organiza- 
tions upon loyalty. He was loyal to all of his em- 
ployees and in turn demanded their loyalty to the 
State and its agricultural administration. 

Those of us who were privileged to know this 
great man intimately, encountered in him striking 
qualities of human warmth, and a cleanness of spirit 
which resulted in a response of affection. He had a 
deep interest in the development of young scientific 
workers and served as their invaluable adviser. 
He had a tender regard for the unfortunate. In the 
words of Dr. Dwight Sanderson, “I remember his 
personal generosity. There were poor families 
around College Station, Texas, which Newell 
helped—often with cash loans—in ways which only 
later were revealed.” 

Doctor Newell attained many honors. He was a 
member of the advisory council of the Southern 
Forestry Experiment Station, of the United States 
Forestry Service; fellow of the American Association 
for the Advancement of Science; member of the 
Entomological Society of America; member, and 
president in 1920, of The American Association 
of Economic Entomologists; charter member of 
The Cotton States Branch of the Association; mem- 
ber, and president in 1929, of The Association of 
Southern Agricultural Workers; University of Florida 
representative of The Institute for Research in 
Tropical America; member of the Soil Science 
Society; administrator of Florida State Soil Con- 
servation; chairman of The Florida Land-Use 
Planning Committee; and chairman of The Ad- 
visory Committee on Agriculture of The Florida 
Defense Council since 1941. He was also a Mason 
and a Shriner; a Member and past president of the 
Gainesville Rotary Club; member of Kappa Sigma 
social fraternity; and member of the honorary fra- 
ternities of Alpha Zeta, Phi Kappa Phi, and Gamma 
Sigma Delta. The students in the Department of 
Entomology of the College of Agriculture held him 
in such high esteem that they named their profes- 
sional society the Newell Entomological Society in 
his honor. Subsequent to his death the Florida State 
Board of Control and The State Board of Education, 
at the direction of Governor Spessard L. Holland, 
dedicated the rebuilt Agricultural Experiment Sta- 
tion Building on the University Campus as a 
memorial in his honor. Henceforth, it will be known 
as Newell Hall. 

In the passing of this great leader, the science of 
entomology has lost one of its most eminent mem- 
bers, and Southern agriculture one of its greatest 


leaders.—12-7-43. Joun T. Camsonson 


Hvueu Knicat 


Word has recently been received that Hugh 
Knight, a member of our Association residing in 
Glendora, California, died of a heart attack on 
October 9, 1943. It is hoped that the Journal may be 
able to secure a more extended account of the ac- 
tivities of Mr. Knight for later publication. 
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Ephraim Porter Felt, 1868-1943 


Dr. Felt was born at Salem, Massachusetts, Janu- 
ary 7, 1868. He was the son of Charles Wilson Felt 
and Martha Seeth (Ropes) Felt. He attended the 
public schools and being ambitious and industrious, 
worked on farms and in other capacities during his 
youth. He graduated from the Massachusetts Agri- 
cultural College at Amherst in 1891 with the degree 
of B.S. having specialized in entomology under 
Professor Charles H. Fernald, and also received a 
degree of B.S. from Boston University. 

in 1891 he was appointed an assistant to Professor 
Fernald, who was also Entomologist to the Massa- 
chusetts Board of Agriculture, and carried on experi- 
mental and other work on the gypsy moth during 
that year. He was a fellow at Cornell University in 
1892 and 1893 and received the degree Sc.D. from 
that institution in 1894. From 1893 to 1895 he taught 
the natural sciences at the Clinton Liberal Institute 
at Fort Plain, New York, and was appointed as- 
sistant to the State Entomologist of New York, 
Dr. J. A. Lintner, in 1895. On May 5, 1898 Dr. 
Lintner died suddenly while in Rome, Italy, and 
Dr. Felt was appointed Acting State Entomolo- 
gist. Later in the year he was appointed State 
Entomologist, a position which he filled with distinc- 
tion for thirty years. 

Dr. Felt married Helen Maria Otterson in 1896. 
She died at Stamford, Connecticut, in 1939. His 
home for many years was at Nassau, Rensselear 
County, near Albany where he participated in many 
activities of the town, being particularly interested in 
the schools and civic affairs, and during World War 
I was active in Liberty Loan drives and other 
patriotic services. In 1910 he spent six weeks in 
Europe giving special attention to museum methods, 
shade and forest tree insects and the gall midges. 
Collections were studied in the following institutions 
British Museum of Natural History, London; the 
Universities of Oxford and Cambridge; the Tropic. 
School of Medicine, Liverpool; the zoological gardens 
at Antwerp; the Royal Museum of Natural History 
at Brussels; the botanical gardens of Ghent; Museum 
of Natural History and also the entomological sta- 
tion, both of Paris; the University at Zurich; the 
exceptionally valuable collection of forest insects in 
the forestry school at Munich; the natural history 
collections in the Senckenberg Museum at Frank- 
furt; the Winnertz collections in the University of 
Bonn; the Museum of Natural History, Berlin, and 
the Museum of Natural History at Hamburg. He 
also conferred with many specialists during this 
European trip from whom he secured ideas relative 
to insect work which, in some cases, were applicable 
to problems in this country. 

From 1898 to 1911 he was the Entomological Edi- 
tor of the Country Gentleman. He was an ardent 
supporter of the theory that many diseases are 
spread by house flies and mosquitos, and carried on 
experimental work for the purpose of attacking dis- 
eases by the indirect method of controlling insect 
carriers. 

In addition to his duties in connection with the 
State Museum with which he was officially con- 
nected, he cooperated for many years with the State 
Department of Agriculture and gave invaluable ad- 
vice relative to many and varied insect problems, 
particularly concerning nursery and orchard inspec- 
tion which was handled by that Department. He co- 
operated with Cornell University and with the 
Department of Entomology of that institution and 


with the Entomological Department of the New 
York Agricultural Experiment Station at Geneva 
and Syracuse University at Syracuse, New York. 
His activities extended far beyond these official 
connections as he constantly gave advice on insect 
problems, not only to other state and city depart- 
ments by means of publications, interviews and lec- 
tures, but also to the public both within and beyond 
the limits of the State. 

In 1923 and 1924 he acted as Chief Entomologist 
to the State Conservation Commission and carried 
on research relative to the gypsy motb and other 
pests which attack forest and part trees. At the 
close of his work as State Entomologist in 1928 he 
became Director and Chief Entomologist to the 
Bartlett Tree Research Laboratories at Stamford, 
Connecticut, where he continued until December 14, 
1943, when he died suddenly in his office of a heart 
attack. 

While State Entomologist he published 25 official 
reports covering the activities of that office and many 
bulletins which were published by the New York 
State Museum, also more than 700 important and 
timely papers and articles which included a wide 
variety of entomological work including general 
entomology as well as popular articles of an informa- 
tive nature for the general public. He was a frequent 
contributor to entomological journals and scientific 
publications as well as farm magazines and news- 
papers. He also found time to give numerous ad- 
dresses, to publish several popular books, and to 
speak over the radio on different phases of entomo- 
logical activities. His published reports and bulletins 
were models of systematic arrangement and clarity 
of expression and were usually accompanied by com- 
plete bibliographical references which made it pos- 
sible for the reader to secure further information 
from other published literature. Many bulletins 
during this period were outstanding. Among them 
might be mentioned two large volumes on “Insects 
Affecting Park and Woodland Trees” with 118 full 
page plates, several of them in colors. His taxonomic 
work op groups of little known insects contributed 
greatly to the knowledge of many families, genera 
and species in fields which had not been explored. 
More than “‘a five-foot book shelf’’ would be re- 
= to file the valuable publications written by 
nim. 

He was an emeritus life member of the American 
Association for the Advancement of Science, a 
member of the Entomological Society of Washing- 
ton, New York Entomological Society, and an 
honorary member of Entomological Society of 
Ontario. In 1901 he received one gold and three 
silver medals from the Pan American Exposition, 
Buffalo, New York, for his scientific contributions 
and in 1921 was listed in American Men of Science 
as one of the thousand of outstanding scientific men 
in the United States. He was a member of Sigma Xi 
and a charter member and fellow of the Entomo- 
logical Society of America. In 1913 he gave the an- 
nual public address on Gall Insects before this 
society at Atlanta, Georgia. In 1914 he was elected 
a member of the American National Committee on 
Nomenclature of the Second International Congress 
In 1916 he was elected Vice President of the society 
and in 1923 was a member of its Executive Commit- 
tee. Since 1897 he has been an active member of the 
American Association of Economic Entomologists, 
its President in 1902, and has served on many of the 
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important committees. In the last 45 years he has 
seldom missed a meeting of this organization. He 
was active in forming the Eastern branch of the 
Association and materially contributed to the suc- 
cess of its meetings. 

In 1907 the Association faced one of the most 
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the annual report was most discouraging. However, 
at that meeting a publishing company was organiz 

among the members to which non-interest bearing 
stock was sold at $10.00 a share to finance a publica- 
tion to take care of the annual reports of the meet- 
ings and to publish a limited number of important 
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severe crises in its history. The United States De- 
partment of Agriculture had, up to that time, pub- 
lished the annual reports of the Association as bulle- 
tins of the Bureau of Entomology. Conditions arose 
so that this arrangement was discontinued and, as 
the Association at that time had a balance of only 
$50.12 in the treasury, the outlook for publishing 


papers which might be presented during the year. 
The company agreed to publish six numbers an- 
nually at a subscription price of $1.00 per annum to 
each member and $2.00 to non-members, the pub- 
ication to be the official organ of the Association. 
This proposal was made by Professor E. D. Sander- 
son and arrangements were perfected so that on re- 
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payment to the stockholders all property belonging 
to the company, including back numbers, would 
revert to the Association. 

Dr. Felt was elected Editor, the writer, Associate 
Editor, and through the energy of Professor Sander- 
son, who was made business manager and Wilmon 
Newell, who consented to become advertising 
manager, together with L. O. Howard, James 
Fletcher, Henry ‘T. Fernald, S. A. Forbes, H. A. 
Morgan and Herbert Osborn, who were elected as 
the adviséry boatd, the publication was launched as 
the JourwaL or Economic Entomo.ocy and the 
first number published in February, 1908. In 1911 
the indebtedness incurred had been paid from Jour- 
NAL receipts and the publication and its assets turned 
over to the Association. Dr. Felt continued as Editor 
until 1935 when he retired at his own request and 
was made honorary editor which position he held 
until the date of bis death. 

He also accepted the responsibility of the editor- 
ship of the Index to the Literature of American 
Economic Entomology which was published by the 
Association, the data being compiled by Miss Mabel 
Colcord, Librarian of the Bureau of Entomology. 
Five volumes have been published under his editor- 
ship covering the years from 1921 to 1939 inclusive, 
aggregating 2855 pages, the last volume being under 
the joint editorship of Dr. Felt and Dr. S. W. Brom- 
ley. These books are invaluable to all working en- 
tomologists and were largely made possible through 
the generous cooperation of the Bureau of En- 
tomology and its specialists and the untiring energy 
and devotion of the editor. 

In connection with his editorial work, Dr. Felt 
also served on the supervisory board of the American 
Year Book, was a frequent contributor to the New 
York Times and other newspapers and magazines, 
and was a member of the National Shade Tree Con- 
ference of which he was chairman in 1928 and edited 
many of their reports. 

A conference called by the Commissioner of Farms 
and Markets of New York was held in Albany, New 
York, in 1922, for the discussion of the gypsy moth 
problem and was attended by representatives of the 
New England States, New York and New Jersey, 
the United States Department of Agriculture, the 
Bureau of Entomology, the Federal Horticultural 
Board and the office of the Dominion Entomologist 
of Canada. Dr. Felt presented a plan for checking 
the spread of the gypsy moth which resulted in the 
establishment of the Barrier Zone in western New 
England and eastern New York to prevent the 
spread of this insect. This met with the approval 
of the conference and has been operated since that 
time with great success in preventing the normal 
westward spread of this insect. At various times he 
advocated vigorous measures for the control of the 
European Corn Borer, the Japanese Beetle, the Elm 
Leaf Beetle and the Dutch Elm Disease. He was for 
several years a collaborator of the United States 
Bureau of Entomology and was active in carrying 
on experimental work in connection with different 
phases of these problems. 
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Since Dr. Felt’s association with the Bartlett Tree 
Research Laboratories, he has had an opportunity 
to concentrate his efforts on research on insects af- 
fecting trees. He has been the author for the last 
twelve years of a weekly syndicated newspaper 
article entitled, ““Talks on Trees’ which has been 
used by nearly 300 newspapers throughout the 
country, and has been a frequent speaker before 
horticultural soeieties.and garden clubs, as well as 
over the ‘national broadcasting network. 

In 1938 he published a book entitled “Our Shade 
Trees’; in 1941, “Pruning Trees and Shrubs’; and 
in 1943, “Shelter Trees.in Peace and War.”’ He has 
made studies of collections of insects taken on air- 
planes; also the European Bark Beetle as a carrier 
of the Dutch Elm Disease, and determined that this 
insect is capable of being carried long distances by 
the wind. 

The report of a collection of insects taken by him 
from the 86th floor of the Empire State Building in 
New York City aroused considerable interest as well 
as experiments in releasing toy balloons to obtain 
data on the possible trend of spread of insects by the 
wind. Dr. Felt had a keen mind, possessed great 
ability in detecting the vital points in any problem, 
and attacking them constructively. He always 
welcomed suggestions and was steadfast in maintain- 
ing his opinion once he was convinced that his 
conclusions were correct. He had the rare ability, 
while holding his own opinions, to concede the same 
right to others and was endowed with patience when 
participating in discussions of a controversial nature. 
He approached problems in the spirit of helpfulness 
and will long be remembered by many who have 
sought his counsel and advice on difficult problems. 
He was a tireless worker, had great ability as a 
writer and was also able to concentrate his efforts 
so as to accomplish the maximum amount of work in 
a short period of time; otherwise, he could not have 
attempted the multitude of tasks on which he 
worked. The value of his services to the public will 
never be fully appreciated, but those who knew him 
best marvel at the volume and quantity of work 
which he could do with so little apparent effort. He 
had few assistants in his office during his entire 
career. 

He is survived by a sister, Miss Elizabeth A. Felt 
of Brookline, Massachusetts; two brothers, George 
H. Felt of Northboro, Massachusetts, and Benjamin 
F. Felt of Melrose, Massachusetts; a son, Ernest 
Felt of Utica, New York; three daughters, Mrs. 
Charles Deane of Summit, New Jersey; Mrs. Helen 
F. Peschel of Oak Ridge, Tennessee; Mrs. Margaret 
Hunter of East Schodack, New York; and 13 grand- 
children. 

A great man and a great entomologist has passed 
on but his devotion to duty and the outstanding 
service which he performed in his chosen field is 
immeasurable. The influence which he had on the 
progress of Economic Entomology will remain, and 
the work of his brain and pen leaves with us a living 
monument which even the hand of time cannot 
erase.—A. F. Buraess. 
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effect in soil on vegetables, 231 
for pine sawfly, 236 
Leafhopper resistance among bean varieties, 639 
Legumes, two pests of, 289 
Lemon, California red scale on, 868 
Lice 
body, fumigation for, 401 
head and pubic, use of derris for control of, 795 
Light-trap collections of mosquitoes, 51 
Light-traps for codling moth, 885 
Lima beans, injury by Heliothis armigera, 329 
Limonius 
agonus, control on tobacco, 392 
californicus, 510 


Linseed oil soap, new lure for melon fly, 426 
Locust leaf-miner, hibernation and survival of, 639 
Loxostege sticticalis, 633 
McLaine, Leonard Septimus (obituary), 936 
Macrosiphum pisi, 85, 118, 281, 832 
Macrocentrus ancylivorus, produced from potato 
tuber worms, 807 
Maruca testulalis, 936 
Mealybug, Comstock, on apples and peaches, 222 
Medical entomologist, preparation of, 18 
Melanophila beetles, attracted by fire and smoke, 
341 
Melon-fiy, lured by linseed oil soap, 426 
Melophagus ovinus, control of, 105 
Methy! bromide 
against bedbugs, 420 
effect on germination of seed sweetpotatoes, 552 
for sweet-potato weevil, 98 
fumigation 
of camellias and azaleas, 737 
schedules of, for Japanese beetle, 260 
sorption of by soil, 549 
Mexican 
bean beetle, control of, 624 
fruitfly, insecticides for control of, 904 
Microbracon resticida 
life history of, 101 
rearing of, 101 
Microctonus epitricis, abundance in Virginia, 114 
Mite, tomato russet, 706 
Mosquito 
control, housefly control incidental to, 127 
eggs on Florida salt marshes, 45 
light-trap collections, methods for handling, 51 
populations, methods of sampling, 561 
survey of, Camp Crowder, Missouri, 927 
Mosquitoes 
flight range of, 121 
in Rhode Island, 311 
new records of for southeastern U. S., 573 
of Texas, 938 
transported by automobile, 354 
Moth-trapping methods, influence on proportion of 
fenales, 119 
Mountain 
carpenter bee nests, dried fruit moth breeding in, 
122 
pine beetle, control of, 396 
Musca domestica, 729, 936 
Myzus persicae, 343, 853, 911 


Naphthalene paste, 477 
Narcissus bulb fly, field of control of, 864 
Neoaplectana glaseri, 671 
Neodiprion sertifer, 236 
Nematode parasites of white-fringed beetle, 671 
Newell, Wilmon (obituary) 948 
N-Heterocyclic compounds, relation of constitution 
tw toxicity, 263 
Nicotine 
aerosols, toxicity of to green peach aphid, 911 
as an insecticide, future of, 473 
-rotenone blends for pea aphid, 85 
sulphate solutions, nornicotine in, 627 
toxicity to eggs of housefly, etc., 729 
Nitrites, against bedbugs, 420 
Nitroparaffin group, fumigants of, 125 
Nitroparaffins, toxicity of to confused flour beetle, 
lll 
Nornicotine in commercial nicotine sulphate solu- 
tions, 627 
N-Substituted P-bromobenzene-esulfonamides 
against codling moth, 473 
Nysius ericae, 332 


Oils, for control of earworm, 554 
Orchard spray residues, sampling studies, 227 
Organic compounds, influence of carbon tetra- 
chloride on, 253 

Oriental fruit moth 

control by mechanical means, 468 

injury to peach near apples, 879 
Orthopterans 

buffering capacity of body fluids, 857 

effect of body fluids on insecticides, 857 

pH of body fluids, 857 

studies on body fluids, 857 
Orzaephilus surinamensis, 540 
Ovicides for Clear Lake gnat, 54 
Ovicide, xanthone as, for codling moth, 435 
Oviposition and fate of eggs of codling moth, 72 


Pachyrrhizus erosus as possible insecticide, 351 
Pacific mite, control with xanthone, 344 
Packaging materials, insect penetration, 822 
Pales weevil in Southern pines, 792 
Paradichlorobenzine, effect on germination of seed 
sweet potatoes, 552 
Parasite of 
california red scale, mass production of, 233 
tobacco 
budworm, 333 
flea beetle, 114 
Parasites 
European corn borer, 120 
importance of host feeding by, 647 
in control of sugarcane borer, 460 
of American dog tick, 569 
Parasitic Hymenoptera 
role of mating in, 802 
susceptibility to sulfur, 469 
Parthenogenetic females, in honeybee strains, 465 
Pasture, cutworm and armyworm populations in, 376 
Pea aphid 
control, 281 
by rotenone-nicotine blends, 85 
forecasting outbreaks, 832 
physiological races of, 118 
Peaches, mealybug on, 222 
Peach, injury by ethylene dichloride, 470 
Peach tree borer 
control by propylene dichloride, 765 
experiment with, 215 
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Peanuts injured by white grubs, 113 
Pears damaged by Epitrimerus pyri, 116 
Pea weevil, tests of fumigants against, 843 
Pediculus humanus humanus, 795 
Peppers, aphid increase on, 854 
Periplaneta americana 
evaluation of sodium fluoride against, 536 
resistance to pyrethrum, 732 
Petroleum fractions, summer type, composition of, 
241 
Phellodendron amurense, insecticidal tests with, 937 
Phthalonitrile, toxicity of to housefly larvae, 936 
Phthirus pubis, 795 
Phthorimaea operculella, 627 
Phytophaga destructor, 921 
Phyllocoptes destructor, 706 
Pieris rapae, 589 
Pink bollworm, hosts of, 478 
Pine sawfly, control with lead arsenate, 236 
Pines, pales weevil in, 792 
Pissodes nemorensis, control aided by plant stimula- 
tion, 345 
Plagiotrochus suberi, 123 
Plutella maculipernis, 343, 589 
Podesia syringac in ash, 479 
Pogonomyrmer barbatus, 354 
Poisons, economic, terminology of, 815 
Popillia japonica, 525, 734 
Populations, estimating of small animals, 501 
Potatoes, injured by Say’s stinkbug, 334 
Potato 
leafhopper, insecticide for, 112 
plants, aphid populations of, 63 
tuber 
moth, effect of temperature and humidity on, 
627 
worm 
a host of Macrocentrus ancylirorus, 807 
in Nebraska, 120 
potato and tobacco as hosts of, 469 
Poultry lice 
control by sulfur, 413 
controlled by sodium fluosilicate, 353 
Predators, bird, of false chinch bug, 332 
Prodenia eridania, 662 
Propylene dichloride for peach tree borer control, 
765 
Protoparce 
sexta, 712 
quinquemaculata, 712 
Pseudococcus comstocki, 222, 580 
Psila rosae, 586 
Ptinus 
latro in Utah, 353 
tectus on furs in Alaska, 353 
Purple scale, influence of fungicides upon, 453 
Pyrausta nubilalis, 893 


Pyrethrins replaced by dichloroethy] ether in con- 


trol of corn earworm, 481 
Pyrethrum 
culture 
applications to Americas, 320 
in Dalmatia, 320 
substituted by styrene dibromide, 330 
substitute for potato leafhopper, 112 


Repellents, fly 
techniques for testing, 33 
tests of, 23 
Reticulitermes flavipes, 386 
Rhagoletis 
cingulata, 800 


pomonella, 545 
Rhizopertha dominica, 540 
Roach control by sodium fluoride crayons, 67 
Roaches, resistance to pyrethrum, 732 
Rosenfeld, Arthur Hinton (obituary), 358 
Rostralis of California red scale while feeding, 750 
Rotenone 
content of devil’s shoestring, 593 
decomposition of by oxygen and sunlight, 273 
for codling moth, 200 
-nicotine blends for pea aphid, 85 
-nicotine dusts for aphid control, 343 
substitutes in cattle louse control, 718 


Sagaritis provancheri, parasite of tobacco budworm, 
333 
Sand flies, seasonal incidence of, 625 
Sand fly, control by diking, 405, 409 
Sanders, George Ethelbert (obituary), 811 
Sanninoidea eritosa, 765 
Sawfly, apple, new to America, 218 
Say’s stinkbug on potatoes, 334 
Scientific names, spelling of some, 125 
Scirtothrips citri, 476 
Scolytus 
multistriatus, attacks by, from dispersion points, 
399 
sulcatus in New York, 119 
Screwworms, toxicity of heterocyclic compounds to, 
475 
Shade tree insects, and concealment, 326 
Sheep tick, large scale control of, 105 
Sitona cylindricollis, 797 
Sitotroga cerealella, 729 
Snipe fly, outbreak of, 806 
Sodium 
fluoride 
as an ant control, 515 
crayons for roach control, 67 
evaluation of against Periplaneta americana, 
536 
fluosilicate for poultry lice, 353 
Solenopsis geminata, 56 
Solitary bees and wasps, observation box for, 803 
Southern 
armyworm, susceptibility to calcium arsenate, 
662 
corn rootworms, rearing of, 349 
Soybean phosphatides, as deposit builders, 70 
Spray 
boom, portable for experimental plots, 472 
mixture, effect of accessory materials on arsenical 
deposits in, 751 
mixtures, deposit builders for, 70 
residues, orchard, sampling studies, 227 
Sprays 
commercial, tests of, 2% 
for mountain pine beetie, 396 
fungicidal, effect of on entomogenous fungi, 453 
Strawberry fruit damaged by darkling beetles, 116 
Strigoderma arboricola, 113 
Styrene dibromide as substitute for pyrethrum, 330 
Substitutes for rotenone in cattle louse control, 718 
Sugar-beet 
webworm, age variations in, in relation to per- 
meability, 633 
wireworm, effect of winter soil temperatures upon, 
510 
Sugarcane borer, control by parasites, 460 
Sulfur 
combined with 2,4-dinitro-6-cyclohexylphenol as 
substitute for pyrethrum, 112 
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dust 
against sweetclover weevil, 797 
and hop aphids, 641 
effect on parasitic Hymenoptera, 469 
for control of poultry lice, 413 
residue, effect on keeping qualities of canned 
tomato products, 694 
Supella supellectilium in Utah, 353 
Sweet-clover 
damage to by variegated cutworm, 470 
weevil, sulfur dust against, 797 
Sweet-corn injured by Dikraneura carneola, 123 
Sweetpotato weevil 
control by methyl bromide, 98 
host preference of, 471 
Symphoromyta hirta, 806 


Taeniothrips simplex, 445 
Tarsonemus pallidus, 286 
Tartar emetic, substitutes in control of thrips, 445 
Techniques for testing fly repellents, 33 
Temperatures, alternating, effect on development of 
beet leafhopper, 505 
Terminology of insecticides, etc., 813 
Termite shields, tests of, 386 
Tetranychus 
pacificus, 344 
telarius, 263 
Thallium baits for fire ant, 56 
Thermobia domestica, 540 
Thiourea, toxicity of to housefly larvae, 936 
Thrips feeding, pattern of, 476 
Traps, moth, influence of methods, 119 
Tribolium confusum, 540 
Tricalcium arsenate and lead arsenate for codling 
moth, 205 
Trichloroacetonitrile and aerylonitrile in admixture 
with carbon tetrachloride, 116 
Toads, as enemies of blister beetles, 480 
Tobacco 
as host of potato tuber worm, 469 
budworm, parasite of, 333 
control of Limonius agonus on, 392 
flea beetle parasites, 114 
fumigation of at reduced pressures, 300 


insects, survey of tobacco carriers, 295 
plant-bed construction and flea beetle popula- 
tions, 622 
seedlings, injured by cryolite, 335 
Tomatoes, injury by Heliothis armigera, 329 
Tomato 
fruitworm control by cryolite dust, 700 
products, effect of sulfur residue on keeping quali- 
ties, 694 
russet mite, 706 
transplants, reduction of flea beetle injury to, 584 
Toxicity 
of nitroparaffins to confused flour beetle, 111 
studies of Chinese plants, 915 


Vapor-heat sterilization of eggs of Anastrepha lu- 
dens, 124 

Variegated cutworm, damage to sweet clover, 470 

Vegetables, effect of lead arsenate on, in soil, 231 

V itula serratilineela, 122 

Volck, William Hunter (obituary), 484 


Walnuts, Persian, surface urea of, 347 
Waste lands, cutworm and armyworm populations 
in, 376 
Wax moth as a household pest, 626 
Western thrips, fumigation for, 442 
White-fringed beetles, nematode parasites of, 671 
White grubs injuring peanuts, 113 
Wireworm, sugar-beet, effect of winter soil tempera- 
tures on, 510 
Wireworms, 
ecology and control in Connecticut, 689 
1,1-dich'oro-1-nitroethane against, 335 


Xanthone 
as an ovicide and larvicide for codling moth, 435 
for control of Pacific mite, 344 


Yam bean as possible insecticide, 351 
Zabrotes subfasciatus, in Utah, 353 


Zinc arsenate sprayed potato plants, aphid popula- 
tions on, 63 
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SCALECIDE. The safest 
dormant oil spray in use 
today. The only miscible 
oil composed of both 
vegetable and mineral 
oils. Used at | to 15 for 
deciduous trees. 


SULFOCIDE. A highly 
concentrated liquid sul- 
fur fungicide, which pre- 
cipitates true colloidal 
sulfur when drying. Not 
compatible with arseni- 
cal residue. 


PARA-SCALECIDE. A prepared com- 
bination of Scalecide and paradi- 
chlorbenzene for use in liquid treat- 
ment against peach borers. Also used 
for injection. 





STRAITAR. A stabilized 85°/, emul- 
sion of tar creosote oil for dormant 
spraying. Also used with Scalecide 
or Spra-Cream for delayed dormant 
spraying. Not unpleasant to use. 


B. G. PRATT COMPANY 


D-X. A contact spray of 
rotenone and pyrethrum 
with the impressive prop- 
erty of increasing the 
toxicity of arsenate of 
lead against difficult in- 
sects. Also formulated as 
nicotine and pyrethrum, 
and as pyrethrum alone. 


SPRAY CATALIZER. A 
spreader, sticker and safener 
of sulfur base reducing lead 
sulphide formation with lime 
sulfur or Sulfocide and ar- 
senate of lead. Does not ||: 
deteriorate. 


SUMMER SPRA-CREAM. A stabi- 
lized 83° summer oil emulsion of low 
cost, for fruit trees, shade trees, ever- 
greens, etc. 

SPRA-CREAM. A refined, stabilized 
83°, lubricating oil emulsion for dor- 
mant spraying. 

LINSO SOAP. A liquid soap of lin- 
seed oil base, without disagreeable 
odor, for use as a spreader. 














Manufacturing Chemists 
50 Church St., New York, N. Y. 
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“3.M”" Magnetic Micron Meas- 
ured Sulphur (Dry Wettable) 


“Magnetic-Spray” Wettable Sul- 


‘STAUFFER SULPHURS 


“Magnetic” Carbon Bisulphide 
Emulsion 
“Crown” Brand Wettable Sul- 


phur 
phur “Electric” Super-Adhesive Dust- 
“ 99 . Ss ing Sulphur 
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, — . “Owl” Brand Superfine Dusting 
“Magnetic” Pyrethrum-Sulphur Sulphur 


Dust “Magnetic” Tartar Emetic 
“Magnetic” Cryolite-Sulphur ay ee Agricultural Soil 
Dusts and Sprays Sulphur 


pyr . “Triangle” Brand Commercial 
“Magnetic” Cryolite Flour Sulphur 


Magnetic Carbon Bisulphide Borax 


STAUFFER CHEMICAL COMPANY S aufter 
420 Lexington Ave., New York Chicago, Il. t 
Houston, Texas 624 California St., San Francisco, Calif. — 
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INDEX TO THE LITERATURE OF 
AMERICAN ECONOMIC 
ENTOMOLOGY 


SINGLE VOLUMES 


Index I $5.00 
Index II 4.00 
Index IIl 4.00 
Index IV 4.00 
Index V 4.50 
Index VI, newly published, $6.00 
Foreign postage, 50 cents additional for each volume 


BARGAIN SALE ON INDICES I TO IV 


Complete set, $10.00 
Foreign postage, $2.00 additional 


COMMON NAMES OF INSECTS, 1942 Revision 











Fifty cents per single copy; Two dollars for six copies to one address.—Postpaid. 


Order from 


AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 
Ernest N. Cory, Secretary, College Park, Md. 
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CARBIDE AND CARBON CHEMICALS CORPORATION 





“Tergitol” Penetrants ... Efficient 


Spreaders and Contact Agents for Insecticides 


HE “Tergitol” penetrants are ex- 
tremely surface-active in water 
solutions, and can therefore impart 
valuable properties of wetting, stick- 
ing, spreading, and penetration to in- 
secticidal sprays. These properties 
improve the ability of the sprays 
to cover foliage and promote better 
wetting of insects. 
In insecticidal sprays containing py- 
rethrum and derris extracts, marked 


increase in killing power is obtained 


by the addition of “Tergitol” pene- 
trants, for they have a definite toxicity 
value of their own for certain insects. 

In recent experiments one hundred 
percent kills of adult Japanese Beetles 
were reported by the entomologists 
when a spray containing 
“Tergitol” penetrant 7 
(0.5 per cent) and pyre- 
thrum resins (total pyre- 
thrins content 0.02 per 








cent) was used. 





Other Chemicals Useful in Insecticides 








Dichlorethyl Ether 
Ethylene Dichloride 
Methyl Isobuty!l Ketone 
Morpholine 


Ethanolamines 





“Carboxide” and “Chlorasol” 


fumigants 
soil fumigant 
fumigant 
activating agent 
emulsifying agent 
emulsifying agents 








For information concerning the use of these chemicals, address: 


CARBIDE AND CARBON CHEMICALS CORPORATION 


Unit of Union Carbide and Carbon Corporation, 30 East 42nd Street, New York, N. Y. 


is 






The words **Carboxide, *Chlorasol,"’ and “Tergitol™ 


are trade-marks of Carbide and Carbon Chemicals 


Corporation 





Higher Yield...Better Crops with 


THE PROVEN INSECTICIDE 


The effectiveness and economy of Kryocide, the natural cryolite, 
have been thoroughly proven through years of use by experienced 
growers. Cryolite is recommended by government entomologists. 
Kryocide has a highly successful record with both fruit and truck 
crops, and is easy to use with standard equipment as spray or dust 
on such insects as: 





APPLE FLEA WEEVIL CRANBERRY WEEVIL ORANGE TORTRIX 
MEXICAN BEAN BEETLE CRANBERRY FRUITWORM PEPPER WEEVIL 

BLISTER BEETLES CUCUMBER BEETLES STRAWBERRY LEAF ROLLER 
CODLING MOTH ELM LEAF BEETLE SUGAR-CANE BORER 
CURCULIO FLEA BEETLES TOMATO FRUITWORM 
CABBAGE WORMS FULLERS ROSE BEETLE TOMATO PINWORM 
COTTON BOLLWORM GYPSY MOTH VEGETABLE WEEVIL 

CORN EARWORM ON BEANS HORNWORMS WALNUT HUSK FLY 


MELON AND PICKLE WORMS 
Your dealer can supply you with Kryocide for spraying or 
with mixed Kryocide dusts from conveniently located stocks. 


PENNSYLVANIA SALT Pa 


7 


MAN F TURING C PANY FA 
WRITE 


¢ 
NOW FOR 
* 


1000 WIDENER BUILDING, PHILADELPHIA 7, PA. wo FREE DESCRIP. 
; ) 7 . i’ TWE LITERATURE 
New York « hicago e St s @ Pittst sh © neor s « Wyondotte e ; Ya 


Fa ON KRYOCIDE. 
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FUMIGANTS and INSECTICIDES 





Effective as an emulsion for dormant soil treat- 
ment for plum curculio, in water solution as a 
soil fumigant, in mineral oil solution for corn ear 


worm control. 





A fumigant of high toxicity with extraordinary 
penetrating properties for food products, food 
processing plants, many types of greenhouse and 
nursery plants, fresh fruits and vegetables, and 
agricultural seeds. 





A tear gas fumigant for stored grain, food prod- 
ucts, food processing plants, and rodent control 


- -, * 
*, 
7 > ee he yh 
BIT Sivebs <- wf 


Effectively used in “line” fumigation for dried 
fruit and other packaged goods. 





A mixture of Ethylene or Propylene Dichloride 
with Carbon Tetrachloride and Methyl Bromide. 
An exceedingly effective grain fumigant for farm 
bins and Ever Normal Granary bins. 


A mixture of Ethylene Dichloride 75% and Carbon 
Tetrachloride 25% for grain fumigation in farm 
bins and Ever Normal Granary bins. 





A concentrate readily soluble in a fly spray oil 
base. Especially recommended as a contact spray 
for warehouses, packaging and processing plants, 
and mills. 


DN-Dry Mix and Dowspray Dormant are recom- 
mended for dormant application on certain 
deciduous fruits to control many species of scale 
insects, red spider mites, and aphids. 


DN-111 is used on apples, peaches, and citrus to 
control red spider mites. 


DN-Dust, also DN-Dust D-4 and D-8 are applied 
in dust form on apples, peaches, citrus, cotton, 
almonds and walnuts to control red spider mites. 
DN-Sulfur Dust No. 10 and DN-Dust D-12 are used 
primarily in greenhouses to control mites attack- 
ing carnations, roses, snapdragons, gardenias 
and calla lilies. 


Dow manufactures many other agricultural insec- 
ticides, fungicides and plant hormones. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


Chicago ° 


New York ° St. Louis . 


Houston 


° San Francisco . Los Angeles @ Seattle 
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FRIANITE 


the Superior 
Insecticide Diluent 





Prianite M3x is the pH 

product which you read range of 5 

about when a dust car- 4 to6.5 
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LETHANE 60 


Large scale commercial applications of 
LETHANE-rotenone dusts in many states 
against a variety of insects this season 
have continued to show the effectiveness 
of this combination. LETHANE 60 in the 
dust formula permits a reduction of about 
one half in the rotenone content of a dust. 
As a result, LETHANE 60 has replaced 
upwards of a million pounds of rotenone 
bearing roots in 1942. By expanding the 
production facilities for this synthetic in- 
secticide, there will be available in 1943 
enough LETHANE 60 to replace about 
three million pounds of rotenone bearing 
roots. Thus LETHANE 60 will in large 
measure alleviate the shortage of rotenone 


caused by the war. 


ROHM & HAAS COMPANY 


Washington Square, Philadelphia, Pa. 
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CLASSIFIED 


Advertisements of commodities for sale or ex- 
change or of services will be entered at 50 cents 
per issue or $2 per year. Advertisements requesting 
information for use in publications will be charged 


at the rate of $1 per advertisement to run as long 
as space permits. All notices and cash should be 
sent in advance to Ernest N. Cory, College Park, 
Md., by the 15th of the month preceding publication. 





PHOTOGRAPHS OF ENTOMOLOGISTS. The 
undersigned desires photos of entomologists to 
add to the collection now deposited in the De- 
partment at Ohio State University. This collec- 
tion now numbers over 400 portraits, many of 
them having been included in the “Fragments 
of Entomological History.” It is hoped that a 
supplement to that volume may include many 
more and any contributions will be gratefully 
welcomed. Herbert Osborn, Ohio State Univer- 
sity, Columbus, Ohio. 





FOR SALE. “Unbidden House Guests,” by Hugo 
Hartnack. A practical ecology of the house, ani- 
mals, plants, pestfighting methods. Published 
September 1943. Ack for folder. Vol. (I) contains 
560 pages and 553 illustrations. Bound: cloth, 
imitation leather. Paper: enamel. Size: 6 x 9 
inches. Weight: about 4 pounds. Price: $12.00. 
U. S. Funds, plus postage. Hartnack Publishing 
Co., Tacoma, Wash. 





FOR SALE: “A Classification of Larvae and Adults 
of the Genus Phyllophaga” by A. G. Béving, 
issued as Memoir No. 2 of the Entomological 
Society of Washington (price $3.00). This is a 
carefully prepared work on the taxonomy of the 





highly important white grubs, and is of both 
taxonomic and economic interest. 

Also back numbers of the Proceedings at the 
basic price of 50¢ per number, as well as Memoir 
No. 1 at $3.00 per copy. 

For details consult F, M. Wadley, Corresponding 
Secretary, U.S.D.A., Bureau of Entomology & 
Plant Quarantine, Washington, D.C. 


FOR SALE. Library of late W. R. McConnell on 
entomology, ornithology, ichthyology and general 
biology, including complete bound set of Illi- 
nois Entomology Reports 1-29 complete and 
North American Faunz 1-36 incl. (Vol. 23 is rare 
“Index Genera Mammalia”). List on applica- 
tion. Mrs. W. R. McConnell, 915 Hamlin St., 
N.E.. Washington, D.C. 


WANTED some larvae of insects, especially sev- 
eral common economic species from your local- 
ity. These are needed if they are to be included 
in a “picture book” of larvae which will be 
published in the near future, probably in 1944. 
Upon request (a postcard) you will be furnished 
a list of species desired and instructions on new 
killing fluids. If you can find time to collect or 
save a few specimens of the larvae needed, it 
will be greatly appreciated. Send request and 
all larvae to Alvah Peterson, Ohio State Uni- 
versity, Columbus, Ohio. 














ENTOMOLOGIST 
WANTED 


Major Manufacturer-Marketer 
with continent-wide operations 
and large research facilities 
wants to employ a practical 
Entomologist, preferably with 
field experience on truck crops. 
Must be a college graduate 
with a good personality, and 
must be free to travel. This is 
a permanent connection, at a 
good salary. 

In your reply, state your ex- 
perience, education, including 
a list of college courses com- 
pleted, age, draft status, and 
the salary you expect. Replies 
strictly confidential. If em- 
ployed in essential war work, 
availability certificate required: 
if already working at your high- 
est skill, do not apply. Box B. 








AMERICAN ASSOCIATION OF 
ECONOMIC ENTOMOLOGISTS 


The Association, in order to complete 
sets for libraries, will be glad to pur- 
chase any numbers that individuals or 
others may have of the following num- 
bers. Volume 1, any numbers; Volume 
24, No. 1; Volume 26, Nos. 1 and 2; 
Volume 27, Nos. 1, 4, and 5; Volume 28, 
Nos. 1 and 4; Volume 29, Nos. 1 and 3; 
Volume 30, Nos. 1 and 3; Volume 31, 
Nos. 2 and 5; Volume 34, Nos. 1, 2, 3, 
and 4. You are urged to search your files 
for these numbers. Mail them to Ernest 
N. Cory, Secy., College Park, Maryland 
and mark distinctly, “Requested Back 
Numbers.” Payment will be made 
promptly in accord with advertised prices 
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MANUSCRIPT RULES and SUGGESTIONS ~ 


MANUSCRIPTS for publication should be sent 
te the Editor, Dr. L. M. Peairs, W.Va. University, 
W.Va. No ay ma Bg has 
been published elsewhere, ei wholly or in 
essential part, will be accepted for publication in 
the Journat or Economic EntolMoLocy. 
ARTICLES will be published eye of receipt, 
except for material priority by committee ac- 
Senne he ee eet, Tae ot receipt will 
be thai date on which copy is accepted in final form 
for publication, according to the following direc- 
tions, whether or not it may have been returned 
to the author for correction, It is therefore to the 
author’s best interest to submit clean copy. Clarity, 
com iveness and conciseness are most desir- 
able; preferably the paper should be accompanied 
by the written approval of one or more persons 


familiar with the subject. The manuscript should” 


be clearly typewritten, double spaced, on one side 
of the paper only. It should be mailed flat; not 
folded or rolled. sheets should not be stapled 
or pinned. P should be numbered correctly. 
Author's complete address, to which prooj is to 
be sent, should appear at upper right-hand corner 
of first page. Footnotes should be numbered con- 
secutively. Citations should give author, year, title, 
name of publication, volume, article number, page, 
and n and kind of illustrations wherever pos- 
sible, in the order named. Clear, concise headings 
should be supplied for tables and legends for illus- 
trations. Subheadings intended to be set by them- 
sel: es in the middle of the pag . should be avoided. 
Si ings, not more than two per typewritten 
page, meet most needs, They should be informa- 
tive, not mere labels or The first letter of each 
word in a trade name uld be capitalized and 
the word or words underlined. r 
Prompt publication of acceptable matter may be 
secured by payment of the cost of printing and en- 
graving. (Six dollars per page plus engraving.) 


REPRINTS 


Authors will be given opportunity to order re- 
prints at the time they receive galley proof from 
the printer. Only orders placed at this time (ex- 
cept in the case of Scientific Notes) will be con- 
sidered official, and authors will be responsible for 
payment to the Business Manager, E. N. Cory, 
College Park, Maryland. 

The following scale of reprint charges is based 
on eupplying excerpts, that is, separate pamphlets 


Price Schedule—Mailing Charges Additional 





TABLES are expensive. , should al ays | 
reduced by authors to the simp form, ane 
wtchlromn fet, Weeeeata 









must 

for by the author. cleanly lettered | 
production. Numerals and letters that area perma- 
nent part of graphs or other must be done 
; Zisctien ond sheath be manuel tea 
or r 
graphs, only blue cross-hatched or white = 
paper or tracing cloth should be used. Orange 
ater colo graph papers spl dhe appearance of em 
atic tte Boma of EVER egpme Pa 

vi Wi furnished, shauld 
sate ofthe author and the paper to which he i 
tained through an order with the Edker 
within 60 days after 
SCIENTIFIC N OBITUARIES 


TURAL IN be 
R. G, Richmond, Bureau of Entomology and 
Quarantine, Washington, D.C. Provf of 
terial is not sent to authors. 


made by cutting apart large sheets and arranging 
pages in leaflet form, bound by sidewire 
is is the cheapest method 
can be prepared. The method 
article om oto on a left han 
page must be added to the count to allow for the 
title on the first right hand page, which would 
otherwise be blank. 








Pages : 2 3-4 58 912 13:16 17-20 21-24 25-28 
50 covies 160 2.00 2.70 425 670 725 940 10.40 12.05 
100 copies 1.95 240 3.20 5.10 780 8.60 11.00 12.95 15.10 
Additicnal hundred .75 75 1.10 2.70 3.10 3.70 4.80 5.85 


1.60 





500 copies, deduct 5 per cent; 1000 copies, deduct 10 per cent. 
First 50 covers, $3.00; additione! covers at 2 cents each. 
Folio reprints (32-page signature or /ess, uncut, folded) 50 only, $2.50. 
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President—P. N. ANNAND, Washington, D.C. 
First Vice-President—Avery S. Hort, Washington, D.C. 
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Merton C. Lang, Walla Walla, Wash. (Pacific Slope Branch) 
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